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ABSTRACT

The 2003 analytical assessment for witch flounder in USA waters, covering the period 1982-
2002, estimates 2002 fishing mortality and spawning stock biomass for stock status, and
provides short-term projections of median landings, discards and spawning stock biomass for
various fishing mortality scenarios.

USA commercial landings increased during the 1960's from 1,200 mt to about 3,000 mt, then
fluctuated between 2,000 and 3,000 mt until 1983 through 1985 when landings abruptly
increased to about 6,000 mt. Landings subsequently declined to 1,500 mt in 1990. Since the
early 1990s, landings have fluctuated between 2,000 and 3,000 mt. In 2002, USA commercial
landings totaled 3,186 mt, a 5% increase over 2001; and 117% higher than in 1990, the lowest
value since 1964. Research survey indices of abundance and biomass remained fairly stable
from 1963 until the late 1970s; autumn indices declined during the early and mid 1980s,
reaching record low levels in late 1980s and early 1990s. Abundance sharply increased in 1993
and has continued to increased to near record high levels in 2002; however, the age composition
still remains truncated.

The VPA indicates that fishing mortality (ages 8-9, unweighted) increased from 0.26 in 1982 to
0.67 in 1985, declined to 0.22 in 1992, increased to 1.13 in 1996, then declined to 0.41 in 2002.
Spawning stock biomass declined from 16,897 mt in 1982 to about 3,800 mt in 1996. With
recent increases in recruitment and declines in fishing mortality, SSB has increased to 18,296 mt
in 2002 . Since 1982 recruitment of age 3 has ranged from approximately 3 million fish (1984
year class) to 67.6 million fish (1997 year class). Over the 1982-2002 period, average
recruitment of age 3 fish (the 1979 - 2000 year classes) was 19.6 million (the geometric mean
equaled 14.4 million fish). The 1995-1999 year classes appear to be above average, and the
1997 year class is the largest in the VPA time series. In addition to the VPA, an alternative
model, a statistical catch at age model (SCAA) was also conducted. The SCAA generally
confirmed trends in the VPA results.

The biological reference points were updated by applying the approach used to estimate MSY
proxies for witch flounder. Fmsy is approximated as F40% (0.23), the SSBmsy proxy is 25,248
mt, the product of 40%MSP (1.2882 kg spawning biomass) and average long-term recruitment
(19.6 million). The MSY proxy is 4,375 mt, the product of yield per recruit at F40% ( 0.2232
kg) and average recruitment.

Based on the ADAPT VPA, the witch flounder stock was not overfished, but overfishing was
occurring in 2002. Fully recruited fishing mortality in 2002 was 0.41, nearly double Fmsy
(0.23), and spawning stock biomass was estimated to be 18,296 mt in 2002, 72% of SSBmsy
(25,248 mt). Recent year classes appear to be above average. Although the spawning stock
biomass has increased, the age structure still remains truncated. Fishing mortality should be
reduced to Fmsy or below to allow the age structure to rebuild.
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INTRODUCTION

The witch flounder (Glyptocephalus cynoglossus, L.) or grey sole is a deep water boreal flatfish
occurring on both sides of the North Atlantic. In the Northwest Atlantic, witch flounder are
distributed from Labrador to Georges Bank and in continental slope waters southward to Cape
Hatteras, North Carolina. In U.S. waters, the species is commercially abundant in the Gulf of
Maine-Georges Bank region [defined as Northeast Fisheries Science Center (NEFSC) Statistical
Reporting Areas (SA) 511-515, 521-522, 525-526, and 561-562; Figure 1 ], and, in the absence
of any stock structure information, is assumed to comprise a single stock unit. Prized as a table
fish, witch flounder receives a high ex-vessel price relative to other flounders and represents an
important by-catch component in the New England mixed species groundfish fishery. Annual
landings during the period 1960-1982 averaged 3,000 metric tons (mt), ranging from 1,000 to
6,000 mt (Lange and Lux 1978, Burnett and Clark 1983). More recently, landings declined from
a peak of 6,660 mt in 1984 to a low of 1,490 mt in 1990. Landings for 2002 were 3,186 mt.

Previous witch flounder stock assessments were conducted by Burnett and Clark (1983), Wigley
and Mayo (1994) and Wigley et al. (1999). An assessment update was conducted for this stock
in 2002 and reviewed at Groundfish Assessment Review Meeting (GARM; NEFSC 2002). The
GARM assessment indicated average fishing mortality (ages 7-9, unweighted) increased from
0.21 in 1982 to 0.59 in 1985, declined to 0.24 in 1990, increased to 0.96 in 1996, then declined
to 0.45 in 2001. Spawning stock biomass declined from 18,000 tons in 1982 to about 4,000 tons
in 1995 and then increased to 11,368 mt in 2001. Since 1982, recruitment at age 3 has ranged
from approximately 3 million fish (1984 year class) to 84 million fish (1997 year class) with a
mean of 22 million fish. In 2001, the SSB was slightly above 2 SSBmsy (9,950 mt), the
minimum stock size threshold, and fishing mortality (F= 0.45) was three times higher than Fmsy,
the maximum fishing mortality threshold; thus, witch flounder was not overfished but
overfishing was occurring in 2001.

This assessment of witch flounder in the Gulf of Maine - Georges Bank region and southward
(USA Subareas 4, 5 and 6), presents a benchmark analytical assessment for the stock for the
1982-2002 period, estimates 2002 fishing mortality and spawning stock biomass for stock status,
and provides short-term projections of median landings, discards and spawning stock biomass
for various fishing mortality scenarios. This assessment provides estimates of discards from the
shrimp fishery and large-mesh otter trawl fishery based upon analyses of sea sampling,
commercial and research vessel survey data through 2002.

Witch flounder is managed under the New England Fishery Management Council’s Multi-
species Fisheries Management plan since 1987. A brief summary of groundfish management
regulations affecting witch flounder is presented in Table 1. Significant changes in regulations
include increased minimum size in 1983 and 1987; increases in mesh size in 1982, 1983, 1994,
1999; effort reductions in 1996 and 2002; and implementation of closed areas in 1994 and 1998
(Figure 2). The western Gulf of Maine area closure, Cashes Ledge area closure and the seasonal
rolling closures overlap the witch flounder distribution (Figures 3 and 4). Management
regulations for the northern shrimp fishery also impact witch flounder (Table 2); significant



changes in the shrimp fishery include a monthly 10% by-catch limit which restricted the
possession of groundfish to 10% by weight of shrimp in the mid-1980's to early 1990s; and the
implementation of the Nordmore grate to exclude groundfish in 1992.

THE FISHERY

Recreational Catches

There is no recreational fishery for witch flounder.

Commercial Landings

USA commercial landings in 2002 totaled 3,186 mt, a 5% increase over 2001 (Table 3); and
117% higher than in 1990, the lowest value since 1964 (Figure 5). Canadian landings from the
stock have been negligible (32 mt in 2001; Table 3). Landings from the Grand Banks (NAFO
Divisions 3LNO) during 1985 to 1990 are not included in this assessment. Canadian landings
from the western Scotian Shelf (NAFO Division 4X) are not considered due to the fact that, until
recently, witch flounder were reported as ‘other flounders’ by Canada, and cannot be separated
from other flounder species. Furthermore, samples from the western Scotian Shelf indicate
slower growth of witch flounder than in the Gulf of Maine, suggesting a different phenotypic
stock.

The western Gulf of Maine (SA 513 and 514) and the central basin (SA 515) provide nearly a
third of the USA witch flounder landings (Table 4); landings from Georges Bank are confined to
the deeper waters north of the South Channel (SA 521, 522; Table 4). Otter trawl catches
account for about 98% of witch flounder landings, with sink gillnets comprising the remainder
(Table 5). Catches are generally highest during March-July (Table 6) when witch flounder form
dense pre-spawning aggregations (Burnett et al. 1992). The majority of witch flounder are
landed in Maine ports, primarily Portland, with lesser amounts landed in New Bedford and
Gloucester, MA (Table 7).

Although culling and grading practices vary by port, witch flounder have historically been
landed as either 'small' or 'large'; however, three market categories (‘peewee’, 'medium', and
jumbo') were added in some ports beginning in 1982 (Table 8, Figure 6). Since the early 1990s,
the proportions of witch flounder landings from the peewee and small market categories have
steadily increased. In 2002, witch flounder less than 45 cm (‘peewee’ and 'small' market
categories) constituted 87% of total landings (Table 8, Figure 6). The current regulated
minimum landing size for witch flounder is 36 cm (14 inches).



Sampling Intensity

Length frequency and age sampling data for witch flounder landings from the Gulf of Maine-
Georges Bank region are summarized by quarter and market category in Table 9 (because some
ports do not cull into "‘peewee’ or 'jumbo' categories, NEFSC sampling protocols incorporate
these categories into the 'small' and 'large' categories, respectively). Until 1982, sampling was
minimal and sporadic. During 1982-1988, an average of 48 length frequency samples
(approximately 100 fish per sample) was obtained annually over all market categories,
representing 1 sample per 102 mt landed. In 1990, sampling requirements were adjusted to 1
sample per 50 mt to obtain more samples from the 'large' market category. However, samples
for the 'large' market category have been difficult to obtain due to the sharp decrease in the
landings of larger fish in recent years (Tables 8 and 9). Sampling intensity during 2001-2002
averaged 39 samples annually, representing 1 sample per 80 mt landed; nonetheless, even with
this increased sampling intensity, inadequate numbers of samples were obtained for some market
categories and quarter combinations. In 2002, of the 35 samples collected, 15 were small
samples (43%), 10 were medium (29%) and 10 were large (29%). Compared with the 2002
market category landings distribution by weight (small 87%; medium: 10%; large: 3%),
sampling in 2002 adequately approximated the market category distribution of landings on an
annual basis. As in previous years, it was necessary to pool some quarters for some market

categories. A summary of pooling procedures by year, market category and quarter is presented
in Table 10.

Commercial Landings at Age

Commercial age data for the years 1982 to 2002 were available for this assessment. Quarterly
age-length keys (ALKs) were applied to corresponding commercial landings length frequency
data by market category. Resulting estimates of annual age compositions (age 0 to 14+) are
presented in Table 11 and Figure 7. No discernible changes in growth are evident during the
1982-2002 period; although landings mean weights and mean lengths at ages 6 to 8 declined in
1996-2002, this may be an artifact of poor sampling in recent years.

Discards

The Fisheries Observer Program (FOP), which began in 1989, has generated various levels of
coverage for different fisheries. Prior to the FOP, NEFSC conducted sea sampling on an ad-hoc
basis. The northern shrimp fishery, the small-mesh otter trawl fishery, and the large-mesh otter
trawl fishery are three fisheries in which discarding of witch flounder occurs. In this
assessment, discard estimates have been estimated for the shrimp fishery and the large-mesh
otter trawl fishery.

Northern shrimp fishery

Since the ‘shrimp season’ spans a calendar year, in this report, the year in which most of the
fishing occurred will be used to identify the entire season. For example, 1990 will refer to the



shrimp season from December 1, 1989 to May 31, 1990. An overview of the procedures used to
estimate witch flounder discarded in the shrimp fishery from 1982 to 1998 is presented in Figure
8. These estimation procedures were used in the 1994 assessment (Wigley and Mayo 1994),
reviewed by the SAW 18 (NEFSC 1994), and extended through 1997 using the same
methodology. The ratio of witch flounder discarded (kg) to days fished was calculated using
FOP data for individual shrimp seasons, 1989-1997, by fishing zone. Since depth is an
important factor influencing discards (Wigley MS 1994), discard ratios were calculated for each
of three fishing zones (zone 1 = 0-3 miles from shore, zone 2 = 3 - 12 miles, and zone 3 = greater
than 12 miles) in each season. For the most part, fishing zones are analogous to depth zones.
Statistical testing of zonal discard rates indicated differences between fishing zones in most
years. The zone-specific discard rates were weighted by the days fished in each zone to
calculate a weighted mean discard rate for each season (Table 12). To estimate witch flounder
discard rates prior to the FOP, (i.e., 1982-1988), a simple linear regression was employed using
1989-1992 (years in which the Nordmore grate was not required) weighted mean discard rates
and annual indices of witch flounder abundance. The NEFSC autumn bottom trawl survey index
of age 3 fish was found to be the best predictor of annual discard rates (r* = 0.97, p = 0.0127;
Figure 9; Wigley MS 1994).

With no 1998-2002 FOP sampling in the northern shrimp fishery, an alternative method of
survey filtering was explored to estimate witch flounder discard rates; however, due to
insufficient length frequency data at small sizes, this method did not prove fruitful. As used for
the years prior to the FOP, a simple linear regression using 1993-1997 (years in which the
Nordmore grate was required) annual shrimp season discard rates and annual survey indices of
autumn age 3 fish was employed (r* = 0.87, p = 0.0206). This five-point regression may not be
as robust as the r* suggests, as four of the points are clustered (Figure 9).

To obtain total weight of witch flounder discarded during a shrimp season, season discard rates
(kg per day fished) were multiplied by the total number of days fished by the commercial fleet in
each season (Table 13). Estimated discard weight was then translated into discarded numbers at
age by applying witch flounder sea-sampled discard length-frequencies (Figure 10) expanded up
to the total discard weight and then applying NEFSC spring bottom trawl survey ALKs.
Detailed information on this method is given in Wigley (MS 1994). For 1995-2002, days fished
were estimated from the Vessel Trip Reports (VTR) using a stratification level of year, ton class,
port group, month, and fishing zone. To derive the number of trips by fishing zone, the
proportion of VTR trips by fishing zone was applied to the number of trips in the weighout
database. Days fished per trip in each fishing zone were derived from the VTR data. Days
fished per trip were then multiplied by the estimated number of trips for each fishing zone to
derive estimated days fished by fishing zone, and then summed over year and fishing zone.

For the 1982-1997 time period, discard estimates of numbers at age and weight were derived on
a shrimp season basis due to the limited number of length frequency samples in December. To
adjust the shrimp fishery discard-at-age from a shrimp season basis to calendar year, the ratio of
December days fished to the entire shrimp season days fished was used to apportion of the
weight and numbers discarded into December and January-May categories. The December



discards-at-age were shifted back one age, and then re-combined with the January-May matrix of
the corresponding calendar year. The December discard weight was combined with January-May
of the same calendar year. Mean lengths and mean weights at age in the re-combined catch at
age were weighted by the numbers at age from each category.

Without 1998-2002 FOP sampling, discard length-frequency data were unavailable to partition
the 1998-2002 estimated discard weight into numbers at length; thus discarded numbers at age
were derived by apportioning discard weight by the average age composition (calendar year) of
discards in 1993-1997 and then dividing by the average 1993-1997 discard mean weights at age
(Figure 11). The average 1993-1997 mean weights at age from the FOP were consistent with
trends in mean weights from the NEFSC survey during the 1998-2002 time period (Figure 11).

Witch flounder discards in the northern shrimp fishery ranged from a low 0.8 mt in 2002 to a
high of 34 mt in 1988 and 1995 (Table 13). Similarly, number of witch flounder discarded
ranged from 40,000 fish discarded in 2002 to 1.8 million fish in 1994 (Table 13). Estimates of
age compositions of discarded witch flounder in the shrimp fishery are presented in Table 14 and
Figure 12. Discarded witch flounder from the shrimp fishery range from age 0 to 6, with ages 1
to 3 most commonly discarded (Table 14 and Figure 12).

Large-mesh otter trawl fishery

Discard estimation from the large-mesh otter trawl fishery is confounded by the lack of FOP
coverage prior to 1989, sparse coverage in the beginning of the program, and the recent
implementation of year-around and seasonal area closures. As a result, three estimation
scenarios were examined (Table 15): 1) utilizing a survey filter method (Table 16); 2) utilizing
the at-sea observer data (Table 17); and 3) utilizing the Vessel Trip Report data (Table 18). The
estimated discards (in weight and numbers) are presented in Table 19. Each method is described
below.

The method used in previous witch flounder assessments to estimate large-mesh otter trawl
discards was based upon a method developed by Mayo et al. (1992) which utilizes survey and
commercial catch at length data, commercial gear retention ogives, and information on culling
practices. An overview of the method is presented in Figure 13. Research vessel length
frequency data were filtered through commercial gear retention ogives corresponding to the
predominant mesh size employed in the large-mesh fishery (130, 140, and 152 mm) and then
through a culling practice ogive. Due to the sparse gear retention studies for witch flounder,
mesh selection ogives were taken from Walsh et al. (1992) for American plaice. Given the high
value and low abundance of this species, the culling practice of commercial fishermen was
assumed to be nearly knife edged at the minimum landing size. A semi-annual ratio estimator of
survey filtered ‘kept’ index to semi-annual numbers landed was used to expand the estimated
‘discard’ survey index to obtain numbers of fish discarded at length. The method used in this
analysis differs from the method described by Mayo et al (1992) which employs an expansion
factor derived from a linear regression from the ratios of kept to landed at length. A spreadsheet
illustrating the method used is presented in Table 16 for 1993 using the spring survey and



commercial landings from quarters 1 and 2. Semi-annual numbers of discard fish at length were
apportioned to age using the corresponding season NEFSC ALK. Estimated numbers of
discarded witch flounder in the large-mesh otter trawl fishery are presented by season in Table
19. Results indicate that in recent years, numbers discarded at sea comprised as much as 54% of
the witch flounder landed. The general pattern of discarding appears to be consistent with that
expected given strong recruitment during 1979-1981 and the mid-1990's.

Given the distribution of juvenile witch flounder in the western Gulf of Maine and the recent
implementation of year-around area closures and seasonal rolling area closures in the western
Gulf of Maine, there was some concern regarding the application of the survey filter method to
estimate discards in recent years. Since the commercial fishery does not have year-around
access to the population estimated by the NEFSC survey, it may be inappropriate to use the
survey filter method to estimate discards. For the 1989-2002 period, discard weight to kept
weight ratios (D/K ratio) were calculated from FOP data on a semi-annual basis (Table 17).
Total discard weight was derived by multiplying the D/K ratio by the commercial landings. The
number of sea sampled trips varied from no trips in the second half of 1992 to 83 trips in the
second half of 2002. The D/K ratios ranged between 0.02 and 0.50. Given the limited number
of trips, tows and available discard length frequencies, discards at age were derived only for the
1995-2002 time period (Tables 19).

The Vessel Trip Report data were explored for information on discarding of witch flounder.
Reporting of discard information in the logbooks is known to be incomplete. To eliminate
problems associated with incomplete reporting, a subset of the VTR data was used. The VTR
subset included only logbooks which reported discards of any species (Delong et al. 1997),
assuming that operators who report discards of any species would reliably report witch flounder
discards. This subset was used to estimate discard ratios (discard weight/kept weight) semi-
annually for large-mesh otter trawl gear from 1994 to 2002. Limitations of this analysis are: 1)
the dealer data used to expand discard rates to total discard weight do not contain information on
mesh size, precluding partitioning of otter trawl fisheries into small and large mesh trips; 2) there
is no area information on dealer data to isolate trips from the Gulf of Maine-Georges Bank
region. From this analysis, results suggest that discard rates range between 4% and 9% (Table
18). These estimates should be reviewed cautiously as not all fishermen report discards.
Discarded numbers at age were estimated by expanding the FOP length frequencies and applying
the survey age/length keys (Table 19).

For estimates of total catch at age, discards from the large-mesh otter trawl fishery were derived
using the survey filter method from 1982-1994 and using the FOP method for 1995-2002 (Table
20 and Figure 14). Total discards at age (from the shrimp fishery and large-mesh otter trawl
fishery combined) are presented in Figure 15.



Total Catch at Age

Total catch at age compositions (including commercial landings, discards from the northern
shrimp fishery and the large-mesh otter trawl fishery) are presented in Table 21 and Figure 16.
The age composition data reveal strong 1979-1981 year classes (Table 21). The 1989 and 1993
year classes also appear to have been strong; however, these cohorts were heavily discarded in
both the shrimp and large-mesh otter trawl fisheries (Tables 14 and 20; Figures 12 and 14). The
poor 1984 year class is also evident as well as the truncated age-structure since the early 1990's.

Since witch flounder landings are highest during March-July, the average weights-at-age in the
catch approximate mid-year weights. Mean weights at age at the beginning of the year (January
1; Table 22) were derived from mid-year weights using procedures described by Rivard (1980).

STOCK ABUNDANCE AND BIOMASS INDICES

Commercial LPUE

Commercial catch rates (landings per unit effort, LPUE, expressed as landings in mt per day
fished) were derived for vessel tonnage classes 2-4 [Class 2 consists of vessels 5 to 50 gross
registered tons (GRT); Class 3, 51 to 150 GRT; and Class 4, 151 to 500 GRT]. These vessel
classes account for greater than 95% of annual witch flounder otter trawl landings. LPUE
indices for the Georges Bank-Gulf of Maine region were computed for: 1) all trips landing witch
flounder, and 2) trips in which 40% or more of the total landings comprised witch flounder
(Table 23). These '40% trips' may represent effort that is 'directed' towards witch flounder, a
species historically taken as by-catch.

For all trips landing witch flounder, increases in LPUE occurred in 1977-1978 for tonnage
classes 2 and 3 and in 1982 for tonnage class 4, and remained high during the early 1980s;
however, LPUE indices declined steadily for all tonnage classes from 1986 to 1990. Since the
early 1990s, LPUE indices have steadily increased and are among the highest in the time series
(Table 23, Figure 19a). Indices for 40% trips peaked in the early 1980's , then declined to a low
in 1994, and have increased slightly in recent years (Table 23, Figure 19a). Effort (days fished)
associated with all trips and 40% trips increased during the late 1970s and early 1980s, peaked
during 1985-1988, and have generally declined since (Figure 19b). While there is some
evidence of increased directed effort in the early and mid 1980s [a period in which both witch
flounder and American plaice were abundant and a small directed fishery emerged (Burnett and
Clark 1983)], it is likely that LPUE indices derived for all trips landing witch flounder provide
the best measure of relative abundance. In 1994 the NEFSC commercial data collection system
changed from a voluntary to a mandatory system in which fishermen self-report fishing effort.
Investigation is still on-going to determine if the time series of LPUE data can be extended
(considered one series) or whether the post 1993 LPUE derived under the mandatory system
constitutes a separate time series. Effort (days fished) for 1994 to 2002 may be underestimated



in this report since effort is based upon preliminary VTR data, which do not represent 100% of
the trips.

Research Vessel Survey Indices

The NEFSC has conducted annual research vessel stratified random bottom trawl surveys during
autumn since 1963 and during spring since 1968. Details on survey sampling design and the use
of survey data in stock assessments are given in Azarovitz (1981) and Clark (1981), respectively.

In September 2002, an offset in the trawl wraps was detected which may have effected the
NEFSC bottom trawl surveys conducted from winter 2000 to the spring 2002. Extensive
analyses of existing data sets and experimental studies were conducted to evaluate the offset
issue (NEFSC 2002). These analyses were reviewed by a panel of experts and they concluded
that no adjustments to the survey time series were justified (Groundfish Science Peer Review,
2003).

The Commonwealth of Massachusetts Division of Marine Fisheries (DMF) began an inshore
trawl survey in 1978 which complements the NEFSC survey in coastal Massachusetts waters in
that depths less than 27 meters (the lower depth limit sampled by the NEFSC offshore survey)
are sampled (for details of this survey, see Howe et al. 1981). Additionally, the Northern Shrimp
Technical Committee of the Atlantic States Marine Fisheries Commission (ASFMC) has
conducted an annual northern shrimp survey during August in the Gulf of Maine since 1983,
with catch data for witch flounder available from 1984 on (for details of the shrimp survey, see
Northern Shrimp Technical Committee MS 1984). All three surveys provide useful information
relative to trends in abundance, distribution, and recruitment of witch flounder in the Gulf of
Maine-Georges Bank region. Strata utilized in the derivation of indices of relative abundance
and biomass for witch flounder are as follows: NEFSC, offshore strata 22-30, 36-40 (Figure 18);
Massachusetts DMF, regions 4 and 5 (Figure 19); and northern shrimp, strata 1, 3, 6, and 8
(Figure 20).

Witch flounder are generally distributed throughout the Gulf of Maine, along the Northern Edge
and southern flank of Georges Bank, and southward along the continental shelf as far south as
Cape Hatteras, NC (Figures 3a and 3b). Juvenile witch flounder (< 25 cm) are distributed along
the western Gulf of Maine, with a few in the canyon areas in the Mid-Atlantic region (Figure 4a
and 4b). Concentrations of witch flounder along the western portion of the Gulf of Maine are
observed in the ASMFC shrimp survey. Although this survey has limited spatial coverage
(Figure 21), most of the juvenile range is covered.

In response to a research recommendation from SARC 29, analyses were conducted to examine
if the use of additional strata in the NEFSC bottom trawl survey might be appropriate. Burnett
and Clark (1983) used NEFSC survey strata set 22,24,26-30, 33-40 in the first witch flounder
assessment; however, Burnett (MS 1987) suggested that fish from strata 33, 34 and 35 exhibited
different growth rates indicating these fish may be from a different stock inhabiting the western
Scotian shelf. Based on this information, Wigley and Mayo (1994) revised the witch flounder



survey strata set excluding 33, 34, and 35, and included strata 23 and 25. Following a method
developed by Cadrin (2003), witch flounder catches for the entire autumn bottom trawl survey
time series were examined by individual stratum. The stratified mean number per tow in each
stratum was summed over the time period, and the percentage contribution of each stratum was
calculated as well as the percentage of annual stratum sampling which produced no catch (Table
24). Results indicate that the current strata set (22-30, 36-40) accounts for approximately 93%
of the survey catch and that only minor differences exist between the strata sets used in previous
assessments. This analysis also indicated that stratum 6 contributed to the overall witch flounder
catch. The stratified mean weight (kg) per tow was calculated for three strata sets: set 1 (22-30,
36-40); set 2 (22, 24, 26-30, 36-40); and set 3 (6, 22, 24, 26-30, 36-40). The trends of these
biomass indices (and their variance) are indistinguishable (Figures 22a and 22b). The inclusion
of stratum 6 is not justified due to its geographical discontinuity with the core strata. Since no
additional strata were identified as contributing to the total catch, or improved the precision of
the estimates of mean weight per tow, the strata set 22-30, 36-40 will continue to be used.

Research vessel survey indices of abundance, biomass, and mean length for NEFSC surveys,
Mass. DMF surveys, and ASMFC shrimp surveys are presented in Tables 25-27 and Figures 23-
28, respectively. Length frequency data from these surveys are presented in Figures 29- 32. A
summary of available age data from NEFSC surveys is given in Table 28; survey age samples
collected during 1976 to 1979 have not been aged. Too few age samples are collected during
DMEF surveys to reliably characterize the age composition of witch flounder in the inshore areas,
and no age samples are collected on ASMFC surveys. Age-specific relative abundance indices
from NEFSC spring and autumn surveys 1980-2002, and preliminary spring 2003 are presented
in Table 29, Figures 33 and 34. Mean length and mean weights at age from the NEFSC spring
and autumn surveys area given in Tables 30 and 31 and Figures 35 - 37.

While NEFSC spring survey indices tend to be more variable due to the pre-spawning
aggregations of witch flounder, spring and autumn indices generally display similar trends.
Abundance and biomass remained fairly stable from 1963 until the late 1970s (Table 25, Figures
23 and 24); autumn indices declined during the early and mid 1980s, reaching record low levels
in 1987. Abundance sharply increased in 1993, due to a large age 0 index (Table 29, Figure 34)
and has continued to increased to near record high levels in 2002. During the same time, mean
length declined (Figure 27 and 28 ). The age structure has been truncated since the late 1980's
(Figures 33 and 34).

Length frequency data from the ASMFC shrimp survey suggest that incoming year classes can
be identified prior to their appearance in the NEFSC surveys. Thus, the ASMFC survey appears
to be more useful in providing a pre-recruit index than in characterizing the population as a
whole (Table 27, Figures 26 and 32). The ASMFC survey data indicate improved recruitment in
recent years (see length frequency modes at 12 cm, corresponding to age 1 fish, during 1991-
1994, 1997, and 1999 ( Figure 32). Significant numbers of small fish were also observed in the
NEFSC autumn survey during the same years (Figure 30).



Mean lengths at age from NEFSC spring and autumn surveys are presented in Table 30 and for
ages 4 to 8 in Figures 35a and 35b. Mean lengths at age for ages 5 to 7 appear to have increased
approximately 3-5 cm from 1980 to the late 1980's, and then declined (Figures 35a and 35b);
however, Von Bertalanffy growth analyses detected no significant changes in resulting growth
parameters over the time period.

NEFSC spring and autumn survey mean weights at age are given in Table 31 and Figures 36 and
37. Survey mean weights are variable, however, similar declines in mean weights for ages 6-9
were observed during the mid-1990s to 2002 in both the commercial landings and spring and
autumn surveys.

MATURITY

Witch flounder maturity observations have been collected on the NEFSC research bottom trawl
surveys since 1977. The NEFSC spring surveys were used for maturity analyses as these
surveys occur closest to and prior to spawning (Halliday 1987). In the previous witch flounder
assessment, probit analyses (SAS 1985) of maturity at age data revealed that there have been six
maturity stanzas over the assessment period (GARM NEFSC 2002). The proportion at which
50% of the fish are mature at age (As,) was significantly different for the time periods 1980-
1982, 1983-1984, 1985-1990, 1991-1993, 1994-1999, and 2000-2002. Due to small sample
sizes, it was necessary to pool individual years, however, individual years were examined, and
then pooled into time blocks. Trends in female Ay, and L, were similar, progressively
decreasing from 1980-1982 to 1985-1990, then increasing in 1991-1993, then declining in 1994-
1999 and increasing in 2000-2002 similar to 1983-1984 levels. The maturity stanzas used
revealed sharp changes in proportion mature, uncharacteristic of the assumed gradual biological
process. The maturity stanzas also revealed, in a few instances, biologically infeasible
outcomes, i.e. over the life span of a cohort, the proportion mature at age would decrease.

Given these issues, a method which has been applied to Georges Bank cod (L. O’Brien, NEFSC,
pers. comm.) was employed to minimize the abrupt changes yet still capture the changing trends
in maturity over time. This method used logistic regression and a five-year moving time block
to estimate annual maturity ogives. For example, the proportion mature in 1982 was estimated
using NEFSC spring maturity data from 1980, 1981, 1982, 1983 and 1984. Likewise, the 1983
maturity ogive used maturity data from 1981 to 1985. Annual maturity ogives were derived for
1982 to 2001 using 1980 - 2003 data. The annual 2002 maturity ogive was assumed to be equal
to the 2001 ogive (Table 32, Figure 38). In addition to the annual maturity ogives, a single
ogive using maturity data from the entire time series was also calculated (Table 32). It was
concluded that the moving time block method was appropriate for use in the VPA.

Stratified mean weight per tow of mature (spawning stock) witch flounder was calculated for
spring NEFSC research vessel surveys (Table 33, Figure 39) using the six maturity stanzas. This
analysis will be updated to incorporate the moving time-block maturity estimates in the next
assessment update. The spawning stock biomass indices closely track total biomass indices
except in most recent years, indicating a larger proportion of immature fish in the population.
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MORTALITY

Natural Mortality

Burnett (MS 1987) estimated instantaneous natural mortality (M) to be 0.16 from a regression of
survey-derived instantaneous total mortality (Z) estimates on commercial fishing effort.
Halliday (1973) used a value of M = 0.15 for females and M = 0.2 for males in an assessment of
Scotian Shelf witch flounder. In the present study, virtual population analyses, yield per recruit
and spawning stock biomass per recruit analyses were performed assuming M = 0.15.

Total Mortality

Estimates of instantaneous total mortality (Z) were computed from NEFSC spring and autumn
research vessel bottom trawl survey catch per tow at age data by combining cohorts over the
following time periods: 1982-1985, 1986-1989,1990-1993, 1994-1997 and 1997-2001. Given
the variability in age at full recruitment to the sampling gear observed during the survey time
series (Table 34), estimates were derived for each time period and each season by taking the
natural logarithm of the ratio of pooled age 7+ to pooled 8+. For example, the estimate of Z for
1982-1985 was computed as:

Spring: In (sum age 7+ for 1982-1985 / sum age 8+ 1983-1986)
Autumn: In (sum age 6+ for 1981-1984 / sum age 7+ 1982-1985).

To evaluate Z over identical year classes within each of the survey series, different age groups
were used in the spring and autumn.

Total mortality estimates from the two survey series exhibited similar trends, although autumn
estimates were generally lower than those in the spring (Table 34 and Figure 40a). With no
objective basis to select one survey series over another, total mortality was calculated by taking
the geometric mean of the spring and autumn estimates during each time period. Total mortality
ranged between 0.34 and 0.71 over the time series (Table 34). Additionally, annual estimates of
total mortality were calculated, and smoothed with a three year moving average (Figure 40b).

ESTIMATION OF FISHING MORTALITY RATES AND STOCK SIZE

Virtual Population Analysis and Calibration

The ADAPT calibration method (Parrack 1986, Gavaris 1988, Conser and Powers 1990) was
applied to estimate abundance at age in 2003 using catch-at-age estimates (i.e., landings plus
discards from the shrimp and large-mesh otter trawl fishery; Table 21). Estimates of stock sizes,
their associated statistics, and F in the terminal year are summarized in the Table 35.
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New VPA software is now available in the NOAA Fisheries Toolbox. To bridge the transition
between the software used in the last assessment update (FACT 1.5) and the current software,
NFTv2.0.11, the accepted 2002 VPA (NEFSC 2002) formulation and input data was re-run using
the NFTv2.0.11 software. The summary statistics of the two VPAs (RUN 61-f) reveal only
slight changes in stock size estimates and fishing mortality (Table 35), and these minor changes
are attributed to the use of the exact catch equation and other improvements in precision.

An initial formulation (RUN 100) based upon the 2002 VPA was performed to estimate 2003
stock sizes for ages 4 to 10 (Table 35) using a catch-at-age matrix including ages 3-11+ and
NEFSC spring and autumn abundance indices for ages 3 to 11+ as tuning indices. All indices
were given equal weighting. Autumn survey indices were lagged forward one year and one age
to calibrate with beginning year population sizes of the subsequent year. A flat-top partial
recruitment (PR) pattern was assumed, with full fishing mortality on ages 7 and older. The F on
ages 10 and 11+ in the terminal year was estimated as the average of F on ages 7 through 9. The
F on ages 10 and 11+ in all years prior to the terminal year was derived from weighted estimates
of Z for ages 7 through 9. Instantaneous rate of natural mortality (M) was assumed to be 0.15.
Spawning stock biomass (SSB) was calculated at time of spawning (March) and mean weight at
age calculated by the Rivard method (Table 22).

The results of the initial run indicated that coefficients of variation (CV) for estimated ages
ranged between 29% and 44% and the CVs for survey catchability coefficients (q) were
consistent, ranging from 11% to 27%.

Two alternative formulations included: 1) using a total catch at age in which large-mesh otter
trawl discards were estimated using the survey filter method for 1982-1994 and Fisheries
Observer Program data for 1995 to 2002 [RUN 200]; and 2) estimating age 3 stock size using
survey tuning indices [RUN 201]. Results from these alternative formulations provided
estimates of stock size, F and spawning stock biomass consistent with the base run [RUN 100].
RUN 201 stock size for age 3 was poorly estimated (CV = 63%). Based on these runs, the
partial recruitment pattern indicated that age 7 was not fully recruited. An alternative
formulation (RUN 300) was conducted using a partial recruitment vector where the fully
recruited age was increased from 7 to 8. Assuming full recruitment at age 8, the F on ages 10
and 11+ in the terminal year was estimated as the average of F on ages 8 and 9. The F on ages
10 and 11+ in all years prior to the terminal year was derived from weighted estimates of Z for
ages 8 through 9. This partial recruitment pattern is consistent with recent mesh regulation
changes.

The final formulation (RUN 301-f) included a 3 to 11+ catch at age with large-mesh otter trawl
discards estimated using both the survey filter method and FOP data; an updated partial
recruitment vector reflecting current management regulations was derived from the 1999-2002 F
pattern taken from a penultimate calibration run; annual maturity ogives estimated by the five
year moving time block with the 2002 maturity vector assumed to be equal to 2001. Ages 1 and
2 were deleted from the catch at age, this allowed recruitment in 2003 to be estimated using the
the geometric mean; there is no difference between 1-11+ vs 3-11+ on VPA results for fishing
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mortality and spawning stock biomass. Based on the final formulation, two sensitivity analyses
were conducted to evaluate the selection of tuning indices. The VPA was tuned with only
NEFSC spring survey indices and then tuned with only NEFSC autumn survey indices (Table
35). Estimates of F and SSB from analyses using a single tuning series bounded the F and SSB
estimated using both spring and autumn tuning indices. Using only the spring tuning series
(RUN 301-f-spr), F was slightly higher (F= 0.43) and SSB is slightly lower (15,798 mt) then the
final run (RUN 301-f). Conversely, using only the autumn tuning indices (RUN 301-f-aut), F is
slightly lower (F = 0.39) and SSB is slightly higher (21,569 mt; Table 35) then the final run
(RUN 301-f) .

VPA Estimates of Fishing Mortality, Spawning Stock Biomass and Recruitment

A full listing of the final ADAPT VPA calibration output and diagnostics is presented in the
Appendix and the results, including estimates of F, stock size and spawning stock biomass at age
are given in Table 36. The mean residual for the VPA calibration was 0.791 and the CV on age
3-10 stock sizes ranged from 31% to 64% while the CVs on the estimates of survey catchabilities
were between 13% and 26% (Appendix). The normalized survey indices and standardized
residuals are presented in Figures 41 and 42.

The VPA indicates that fishing mortality (ages 8-9, unweighted) increased from 0.26 in 1982 to
0.67 in 1985, declined to 0.22 in 1992, increased to 1.13 in 1996, then declined to 0.41 in 2002
(Table 37 and Figure 43). Spawning stock biomass declined from 16,897 mt in 1982 to about
3,800 mt in 1996. With recent increases in recruitment and declines in fishing mortality, SSB
has increased to 18,296 mt in 2002 (Table 37 and Figure 44). Since 1982 recruitment of age 3
has ranged from approximately 3 million fish (1984 year class) to 67.6 million fish (1997 year
class; Table 37 and Figure 44). Over the 1982-2002 period, average recruitment of age 3 fish
(the 1979 - 2000 year classes) was 19.6 million (the geometric mean equaled 14.4 million fish).
The 1993-2000 year classes appear to be above average, and the 1997 year class is the largest in
the VPA time series (Table 37 and Figure 44) .

The relationship between spawning stock biomass and recruitment (age 3) is presented in Figure
45. The negative stock-recruitment relationship observed in previous assessments continues

with the addition of the 2000 year class.

Precision of F and SSB

The uncertainty associated with the estimates of stock size and fishing mortality from the final
VPA was evaluated using a bootstrap procedure (Efron 1982). One thousand bootstrap iterations
were performed to derive standard errors, coefficients of variation (CVs) and bias estimates for
the stock size estimates at the start of 2003, the catchability estimates (q) of the abundance
indices used in calibrating the VPA, and the 2002 fully recruited fishing mortality rate (age 8+).
Frequency distributions of the 2002 mean fishing mortality and spawning stock biomass
bootstrap estimates were generated and cumulative probability curves produced (Figures 46 and
47).
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Bootstrap results suggest that the CVs of the 2003 abundance estimates ranged between 32% to
84%, 24% for 2002 F, , and 14% for 2002 spawning stock biomass. There is an 80%
probability that the 2002 F (0.41) lies between 0.31 and 0.56 (Figure 46), and the 2002 SSB
(18,296 mt) lies between 15,603 mt and 22,969 mt (Figure 47).

Retrospective Analyses

A retrospective analysis was conducted on the final VPA (Run 301-f) from 2002 to 1992 by
sequentially removing the terminal year of the data to evaluate internal consistency of the current
ADAPT formulation with respect to terminal estimates of F, SSB, and recruits at age 3 for the
seven years prior to the current assessment. Results indicate that average F was underestimated
(Figure 48a) and spawning stock biomass was consistently overestimated (Figure 48b). The
retrospective analysis indicated that the number of age 3 recruits were generally overestimated,
and the 1995-1997 year classes were considerably overestimated (Figure 48c¢).

Statistical Catch-at-age model

A statistical catch-at-age analysis was conducted for the witch flounder stock. An age-structured
forward-projection model (a.k.a., age-structured production model) was fit to fishery and survey
data during 1937-2002. This model provided an alternative long-term perspective on resource
dynamics in comparison to VPA-based analyses that were limited to the period 1982-2002. Age-
structured population dynamics of witch flounder were described using forward-projection
methods for statistical catch-at-age analyses (Fournier and Archibald 1982, Methot 1990, Ianelli
and Fournier 1998, Quinn and Deriso 1999). Models were fit to data with the AD Model builder
software for nonlinear optimization (Otter Research 2001).

Six alternative statistical catch-at-age models were developed and fit. Brodziak and Wigley
(2003 ms) contains a complete description of the basic model and input data. Common features
of the six models were:

. Natural mortality was M=0.15 for all age classes.

. Catch scenario 2 was used (same as used in VPA).

. Fishery selectivity was estimated for historic (1937-1993) and current (1994-present)
time periods.

. NEFSC spring and fall survey biomass and numbers at age data were used.

. Emphasis values for likelihood components were: Recruitment A,=10, Fishery age

composition A,=1, NEFSC Fall survey age composition A,=1, NEFSC Fall survey
biomass index A,=100, NEFSC Spring survey age composition A.=1, NEFSC Spring
survey biomass index A,=100, Catch biomass A,=100, Fishing mortality A;=1, Fishing
mortality penalty A,=1

The primary differences among the six alternative models were:

1. Dome-shaped selectivity possible for fishery, spring, and fall surveys; time frame is
1937-2002.
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2. Flat-topped selectivity for fishery, spring, and fall surveys; time frame is 1937-2002.

3. Dome-shaped selectivity possible for fishery, spring, and fall surveys; time frame is
1963-2002.

4. Flat-topped selectivity for fishery, spring, and fall surveys; time frame is 1963-2002.

5. Flat-topped selectivity for fishery and spring survey; Dome-shaped selectivity possible
for fall survey; time frame is 1963-2002.

6. Flat-topped selectivity for fishery and spring survey; Dome-shaped selectivity possible

for fall survey; time frame is 1937-2002.

Models 1, 2, and 6 were considered to be the primary models, while models 3, 4, and 5 provided
sensitivity analyses to the choice of time frame. The Northern Demersal Working Group (WG)
reviewed the model diagnostics. In general, the selectivity patterns of models that allowed dome-
shaped fishery or survey selectivity appeared to be too sharply domed to be biologically
plausible. In contrast, models with the assumption of flat-topped selectivity provided a poorer fit
to the data, as measured by the root-mean squared errors for the NEFSC fall and spring survey
biomass index and the catch biomass fits to the data. The WG chose to reduce the emphasis on
the NEFSC fall and spring survey biomass index and the catch biomass likelihood components
to 10 down from 100. This choice alleviated the problem of implausible selectivity patterns in
the fishery and the survey. As a result, the WG concluded that Model 1 with reduced emphasis
values was the best alternative of the statistical catch-at-age analyses (SCAA). Model results are
reported to confirm the basic trends of VPA-based results and show the likely effect of extending
the assessment time horizon back to 1937.

Model results showed that current fishery selectivity at age was estimated to be lower at ages 1-6
than historic selectivity (Figure 49). This was consistent with increases in fishery mesh size and
changes in discarding practices (e.g., shrimp fishery) that occurred around 1994. The resulting
catch biomass predictions generally matched observed catch biomass (Figure 50) with some
moderate deviations in the early 1980s.

Model results showed that NEFSC fall survey selectivity was dome-shaped with a peak at age-5
(Figure 51). The NEFSC spring survey selectivity was flat-topped with full selection occurring at
roughly age-7. The resulting predicted NEFSC fall and spring survey indices generally matched
the trends in observed indices (Figures 52 and 53). Both surveys indicate a longterm decline in
biomass from the 1970s through the early 1990s. Biomass increases in the late-1990s differed
moderately between the fall and spring surveys

There was general agreement between VPA and SCAA results during 1982-2002. Spawning
biomass estimates were very similar during 1989-1999 (Figure 54, SCAA estimate of 10.5 kt in
2002). The VPA indicates a smaller decrease in spawning biomass during 1982-1988 and a
greater increase during 2000-2002. Fishing mortality estimates were also similar (Figure 55,
SCAA estimate of 0.48 in 2002). Both VPA and SCAA estimates increased to roughly the mid-
1990s and then declined. Recruitment estimates also exhibited similar patterns (Figure 56,
SCAA estimate of 14.1 million age-1 fish in 2002), although the VPA indicated larger increases
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in recruitments during the late-1990s. Despite differences in model configuration and estimation
approach, the SCAA generally confirmed point estimates and trends in the VPA results.

BIOLOGICAL REFERENCE POINTS

Yield-per-recruit (Y/R) and spawning stock biomass per recruit (SSB/R) analyses were
performed using the Thompson and Bell (1934) method for witch flounder ages 3 to 20. Input
vectors for partial recruitment, maturation at age and mean weights at age were all updated since
the last assessment. Mean weights at age used in the Y/R analyses were computed as an
arithmetic average of catch mean weights at age (Table 21) over the 1999-2002 period. Mean
weights at age for use in the SSB/R analyses were derived by applying the length-weight
relationship for witch flounder to predicted lengths at age from von Bertalanffy growth curve
analyses of NEFSC survey data from 1980-2002. The maturation ogive from the entire time
series (1980-2003) was also used (Table 32). Given the changes in regulated mesh size in 1999,
the exploitation pattern used in the yield and SSB per recruit analyses and short-term projections
was computed from the 1999-2002 VPA results. Geometric mean F at age was computed for the
1999-2002 period and divided by the geometric mean of the fully recruited annual Fs to derive
the partial recruitment vector. The final exploitation pattern was smoothed, applying full
exploitation on ages 8 and older, viz.

Age3 Aged Age5S Age6 Age7  Ages 8+
0.0036  0.0229 0.0703 0.1931 0.5282 1.000

The input data and results for the Y/R and SSB/R analyses are given in Table 38 and Figure 57.
The reference points were F,, =0.196, F_,. = 0.545, and F,, = 0.230.

The biological reference points were updated by applying the approach used to estimate MSY
proxies for witch flounder (NEFSC 2002). Fmsy is approximated as F40% (0.23), the SSBmsy
proxy is 25, 248 mt, the product of 40%MSP (1.2882 kg spawning biomass) and average long-
term recruitment (19.6 million). The MSY proxy is 4,375 mt, the product of yield per recruit at
F40% ( 0.2232 kg) and average recruitment.

In 2002, spawning stock biomass was slightly greater than 2 SSBmsy (12,624 mt), the minimum
stock size threshold, and fishing mortality in 2002 was nearly double Fmsy, the maximimu
fishing mortality threshold; therefore, witch flounder was not overfished but overfishing was
occurring in 2002 (Figure 58).

To evaluate the effects of simultaneous changes in the three input vectors described above (i.e.
partial recruitment, maturation and mean weights) on F40%, Y/R, SSB/R and the SSBmsy
proxy, a decomposition analysis (P.Rago, NEFSC, pers. comm.) was conducted. This analysis is
analogous to decomposing a sum of squares in an analysis of variance (decomposing the total
resulting difference into its components).
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For F40%, Y/R and SSB/R:
Total effect = effect of vector 1 + effect of vector 2 + effect of vector 3 + interaction terms.

For SSBmsy:
Total effect = SSB/R effect + Recruit effect + interaction term.

The effect 1s the difference between the former YPR estimate and the current YPR estimate, for
F40%, Y/R, SSB/R and for SSBmsy.

To accomplish this, the former YPR analysis (Run 0) was re-run using ages 3-20 to coincide
with the ages used in the current YPR analysis (Run 1). Then, YPR analyses were conducted
where each former vector was replaced with a current vector (Runs 2 through 7), until all vectors
were replaced with current vectors (Run 8). The resultant F, Y/R and SSB/R at 40%MSP from
each run (Runs 0 to 8) are reported in Table 39. The total effect of changing all three vectors at
once equals Run 1 - Run 8.

Results of the decomposition analysis (Table 39) indicate that changes in F40% were effected
most by new partial recruitment vector. Changes in Y/R resulted from the interaction of all three
new input vectors while changes in the SSB/R resulted from the interaction between the mean
weights and maturity vectors. Changes in SSBmsy were effected most by changes in new mean
age 3 recruitment.

SHORT-TERM PROJECTIONS FOR 2004 AND 2005

Short-term stochastic projections were performed to estimate landings, discards and SSB during
2003-2005 under various F scenarios using bootstrapped VPA calibrated stock sizes in 2002.

The partial recruitment, maturity ogive, and mean weights at age were the same as described in
the yield and SSB per recruit section (Table 40). Recruitment (age 3) in 2003-2005 was derived
by re-sampling the cumulative density function based on the empirical observations during 1982-
2001 (1979-2000 year classes). Fishing mortality was apportioned among landings and discards
based on the proportion observed landed at age during 1999-2002. The proportion of F and M
which occurs before spawning equals 0.1667 (March 1); M was assumed to be 0.15. Spawning
stock biomass in 2002 was estimated to be 18,296 mt. The F scenarios are: status quo F,y,; =
0.41, Fmsy = 0.230, 75% of Fmsy = 0.17 and landings,,; = landings,,,, (F=0.199). Fishing at
the status quo F (0.41) or at the target (Fmsy = 0.23) in 2003 - 2005 is expected to allow biomass
to increase above SSBmsy and initiate rebuilding of the age structure (Table 40). Comparison of
the current age structure and the age structure under MSY conditions are given in Figure 59.

CONCLUSIONS

Based on the ADAPT VPA, the witch flounder stock was not overfished, but overfishing was
occurring in 2002. Fully recruited fishing mortality in 2002 was 0.41, nearly double Fmsy
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(0.23), and spawning stock biomass was estimated to be 18,296 mt in 2002, 72% of SSBmsy
(25,248 mt) . Recent year classes appear to be above average. Although the spawning stock
biomass has increased, the age structure still remains truncated. Fishing mortality should be
reduced to Fmsy or below to allow the age structure to rebuild.
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Table 1. Significant changes in management regulations governing the USA commercial fishery for
witch flounder (adapted from O’Brien and Brown, 1996), updated by Tom Nies, NEFMC (pers.

comm.,2003).
1953-1977 ICNAF era
1953 Minimum mesh in body and codend 4 ' inches.
1970 Areas 1(A) and 2(B) closed during haddock spawning, from March - April.
1972-1974 Areas 1(A) and 2(B) closure extended to March - May.
1975 Areas 1(A) and 2(B) closures extended to February - May.

1977 - Present  Extended Jurisdiction and National Management

1977 USA Fishery Conservation and Management Act of 1976 (FCMA) in effect.
1977-1982 Fishery Management Plan (FMP) for Atlantic groundfish:
Seasonal spawning closures for haddock (Areas 1 and 2), quotas for haddock, etc
1982 Mesh size 5 1/8 inches (130 mm).
1982-1985 The ‘Interim Plan’ for Atlantic groundfish: Eliminated all catch controls, retained closed

area and mesh size regulations, implemented minimum landing sizes.

1983 Mesh size increased to 5 V2 inches (140 mm).
Witch flounder minimum size 33 cm.
1984  October Hague Line separating USA and Canadian fishing zones in the Gulf of Maine and Georges
Bank region.
1985 Fishery Management Plan for the Multispecies Fishery.
1987 Witch flounder minimum size increased to 36 cm.
1991 Amendment 4 established overfishing definitions for witch flounder in terms of Fmed
(F20%) replacement levels.
1993 Area 2 closure is extended from January 1 - June 30.
1994  January Amendment 5 implemented: expanded Area 2, Area 1 closure not in effect.
May 6 inch (152 mm) mesh restriction implemented (delayed from March 1).
Square or diamond mesh allowed.
December Area 1, Area 2 and Nantucket Lightship Area closed year-around.
1996  July Amendment 7 implemented: Days-at-sea (DAS) restrictions. Haddock trip limits

Raised to 1000 pounds

1997  May Additional scheduled DAS restrictions from Amendment 7 accelerated.
1998  May Western Gulf of Maine Closure Area adopted: Jeffery’s Ledge area closed to all
groundfishing.
Rolling closures in the western Gulf of Maine.
October Amendment 9: revised overfishing definitions as required by Sustainable Fisheries Act.
1999  May Codend mesh regulations changed to 6-inch diamond mesh, 6 1/2-inch square mesh.

Additional rolling closures adopted in the western Gulf of Maine

Cashes Ledge seasonal closure adopted

Roller gear limited to a maximum of 12 inches in an area of the western Gulf of Maine.
Gulf of Maine cod trip limit ranged from 30 to 400 Ibs. in this fishing year.

continued.
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Table 1 continued. Significant changes in management regulations.

2000

2002

2002

May

June 1

August 1

May closure implementation on northern Georges Bank.
Changes to large mesh permit category, granting additional DAS to vessels using
larger than 6-inch diamond / 6-inch square mesh.

Additional restrictions adopted during this fishing year (result of lawsuit over FW33):
Vessels limited to 25% of allocated DAS May to July;

Increase in minimum mesh size for trawl vessel to 6 % inch diamond/ 6 Y inch square;
Reduced number of rolling closures in the western Gulf of Maine (effective in January
2003, with result there were additional rolling closures in calendar year 2002 compared to
calendar year 2001;

Cashes Ledge seasonal closure expanded to year-around closure;

Increase in GOM cod trip limit to 500 Ibs. per day/4,000 1bs per trip;

Increase in mesh size for large mesh permit category.

Reduction in allocated DAS based on past history of use for each permit;
Front-loading of DAS clock prohibited;
Additional restrictions on number and deployment of gillnets.
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Table 2. Significant changes in management regulations governing the USA northern shrimp fishery in
the Gulf of Maine.

1972

1973

1975

1976

1977

1978

1979
1980
1981
1982
1983
1984
1985
1986
1992

1993

1994
1995
1996
1997
1998
1999
2000
2001
2002
2003

- 1991
April

Adoption of mesh regulations,
Establishment of count/pound limits,
Establishment of closed areas.

Adoption of interim minimum mesh regulations; mesh size not less than 1.5 inches (38 mm).

Minimum mesh regulations increased to 1.75 inches (44 mm).
Harvest restricted to 4,200 mt (9.2 million pounds).
Fishery closure from July - September.

Harvest restricted to 2,300 mt (5 million pounds) by season closure and quota management.
Open season: January 1 - April 15 1976.

Harvest restricted to 1,600 mt (3.5 million pounds).
Open season: January 1 - May 15 1977.

Closure of fishery.

Open season: February 1 - March 31, 1979

Open season: February 15 - May 31, 1980

Open season: February 15 - May 31, 1981

Open season: January 1 - April 15, 1982

Open season:

Open season:

Open season:

Open season: 183 days, by-catch limit of 10% by weight of groundfish allowed.

Nordmore grate regulation (max 25 mm space); no bycatch of groundfish allowed, no Sunday

fishing

Open season: Dec 15 - May 15, no Sundays, separator gear Dec 15 - Mar 15;
grate Apr-May15

Open season: December 15 - April 15

Open season: December 1 - May 31 with 1 day off per week.

Open season: December 1 - May 31 with 1 week off.

Open season: December 1 - May 27 with 4 or 5 day block off per month.

Open season: December 8§ - May 22 with 3 weekends of no fishing

Open season: December 1 - May 30, no weekend fishing.

Open season: (51 day season)

Open season: Jan 9 - March17; April 16-30 and no days off (83 day season)

Open season: February 15 - March 11 (25 day season)

Open season: Jan 15 - Feb 27 no Friday fishing (38 day season)
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Table 3. Witch flounder landings, discards and catch (metric tons, live) by country, 1937-2002
[1937-1959 provisional landings reported in Lange and Lux, 1978; 1960-1963 reported to

ICNAF/NAFO (Burnett and Clark, 1983)].

LANDINGS
USA USA
Year Subarea  Subarea USA USA USA
4.5&6 3 Total CAN Other Total Discards Catch
1937 5000 5000
1938 3600 3600
1939 3100 3100
1940 3000 3000
1941 2000 2000
1942 1800 1800
1943 1000 1000
1944 1000 1000
1945 1000 1000
1946 1500 1500
1947 1500 1500
1948 1000 1000
1949 3600 3600
1950 3000 3000
1951 2600 2600
1952 3700 3700
1953 4200 4200
1954 4000 4000
1955 2400 2400
1956 2000 2000
1957 1000 1000
1958 1000 1000
1959 1000 1000
1960 1255 1255 1255
1961 1022 1022 2 1024
1962 976 976 1 977
1963 1226 1226 27 121 1374
1964 1381 1381 37 1418
1965 2140 2140 22 502 2664
1966 2935 2935 68 311 3314
1967 3370 3370 63 249 3682
1968 2807 2807 56 191 3054
1969 2542 2542 1310 3852
1970 3112 3112 19 130 3261
1971 3220 3220 35 2860 6115
1972 2934 2934 13 2568 5515
1973 2523 2523 10 629 3162
1974 1839 1839 9 292 2140
1975 2127 2127 13 217 2357
1976 1871 1871 5 6 1882
1977 2469 2469 11 13 2493
1978 3501 3501 18 6 3525
1979 2878 2878 17 2895
1980 3128 3128 18 1 3147
1981 3442 3442 7 3449

continued.
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Table 3 continued. Witch flounder landings, discards and catch (metric tons, live).

LANDINGS
USA  USA

Year Subarea  Subarea USA USA USA

4,5&6 3 Total CAN Other Total Discards Catch
1982 4906 4906 9 4915 48 4954
1983 6000 6000 45 6045 162 6162
1984 6660 6660 15 6675 100 6760
1985 6130 255 6385 46 6431 61 6191
1986 4610 539 5149 67 5216 25 4635
1987 3450 346 3796 23 3819 47 3497
1988 3262 358 3620 45 3665 60 3322
1989 2068 297 2365 13 2378 133 2201
1990 1465 2 1467 12 1479 184 1649
1991 1777 1777 7 1784 95 1872
1992 2227 2227 7 2234 171 2398
1993 2601 2601 10 2611 376 2977
1994 2665 2665 34 2699 422 3087
1995 2209 2209 11 2220 193 2402
1996 2087 2087 10 2097 254 2341
1997 1771 1771 7 1778 300 2071
1998 1848 1848 10 1858 286 2134
1999 2121 2121 19 2140 213 2334
2000 2439 2439 53 2492 115 2554
2001 3019 3019 32 3051 224 3243

2002 3186 3186 3186 279 3465
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Table 4. Percentage of USA commercial witch flounder landings (mt) by Statistical Area, 1973 - 2002.

Statistical Areas

523 524
YEAR 300 400 464 465 466 500 510 511 512 513 514 515 520 521 522 561 562 525 526 530 537 538 539 540 600 TOTAL
1973 - 11 - 08 - - - 40 94 186 138 15 - 105 163 08 29 7.6 10.7 - 1.0 00 02 - 0.6 100.0
1974 - 27 - 01 02 - - 1.0 41 173 116 13 - 182 160 09 57 79 104 - 22 01 0.1 - 02 100.0
1975 - 07 - 08 0.0 - - 08 7. 169 13.6 43 - 174 112 05 75 132 49 - 06 00 0.1 - 02 100.0
1976 - 12 - 03 0.1 - - 13 7.5 251 195 2.0 - 149 112 13 43 77 27 - 06 01 0.1 - 02 100.0
1977 - 02 - 02 0.1 - - 06 7.8 306 276 4.1 - 104 101 08 25 29 12 - 05 01 02 - 0.1 100.0
1978 - 03 - 01 - - - 02 95 391 183 4.7 - 105 87 24 25 11 13 - 06 02 0.1 - 03 100.0
1979 - 02 - 0.0 - - - 23 94 356 145 42 - 128 137 34 12 05 1.0 - 07 0.0 o0.1 - 05 100.0
1980 - 0.1 - 02 - - - 14 89 422 123 82 - 101 74 21 08 12 35 - 06 00 02 - 05 100.0
1981 - 02 - 1.0 - - - 19 92 410 122 94 - 113 53 20 18 14 12 - 1.1 00 03 - 0.8 100.0
1982 - 04 - 07 - - 00 31 155 292 8.7 155 - 114 59 24 11 14 20 - 1.0 01 02 - 13 100.0
1983 - 05 - 24 - - - 42 206 243 8.0 174 - 93 54 20 08 1.1 17 - 15 00 02 - 0.7 100.0
1984 - 02 - 22 - - - 24 113 235 11.8 19.8 - 120 65 23 10 18 27 - 15 00 0.1 - 09 100.0
1985 4.0 0.1 - 11 - - - 37 11.8 23.1 103 19.8 - 115 73 20 1.0 16 1.7 - 05 00 00 - 0.6 100.0
1986 10.5 0.2 - 13 00 - - 40 149 236 9.1 153 - 93 58 19 04 06 15 - 06 00 00 - 1.0 100.0
1987 9.1 0.1 - 04 - - - 27 116 274 9.6 19.0 - 91 56 14 05 07 12 - 04 00 00 - 1.1 100.0
1988 9.9 - - 03 - - - 26 80 265 97 17.0 - 124 57 15 10 27 13 - 04 00 00 - 1.1 100.0
1989 125 0.0 - 01 - - - 13 74 218 94 16.1 - 128 57 16 12 22 54 - 09 01 00 - 13 100.0
1990 0.1 03 - 01 - - - 16 9.1 290 124 12.7 - 11.1 55 24 24 37 52 - 26 00 0.1 - 16 100.0
1991 - 0.1 - 01 - - - 1.1 93 261 11.0 15.6 - &1 77 24 30 20 48 - 47 01 0.1 - 3.7 100.0
1992 - 0.0 - - - - - 06 105 232 10.1 1438 - 68 84 20 17 28 98 - 64 00 02 - 2.8 100.0
1993 - 05 - - - - - 05 6.7 223 16.1 16.2 - 69 104 31 25 36 5.1 - 38 00 o0.1 - 22 100.0
1994* - - 01 - - 04 03 1.7 13.1 155 155 135 0.1 143 122 26 15 21 16 01 27 04 01 02 1.8 100.0
1995%* - - 05 05 - 06 02 1.1 68 141 152 206 03 173 150 19 07 15 06 02 11 02 00 0.1 1.6 100.0
1996* - - 01 0.1 - 08 12 17 63 181 138 209 12 137 141 21 04 22 03 00 13 04 01 0.1 1.0 100.0
1997* - - - 01 - L.1 07 07 93 165 126 219 0.6 110 161 27 05 32 0.7 - 1.2 03 0.1 - 0.8 100.0
1998* - - - 01 - 12 01 07 83 145 11.1 21.8 0.2 151 162 35 13 25 05 01 11 06 03 0.1 05 100.0
1999* - - - 01 - 04 01 07 82 120 119 158 1.5 17.7 209 29 13 3.0 05 - 18 - 0.1 - 1.1 100.0
2000* - - - 01 - 03 01 1.0 56 124 145 129 02 228 206 25 10 24 03 - 08 02 03 01 20 100.0
2001* - - 01 0.1 - - 01 17 52 141 156 11.2 - 248 180 48 05 15 04 - 08 01 02 - 0.8 100.0
2002* - - - 01 - - - 15 55 153 23.0 105 - 184 169 32 16 22 05 - 02 03 02 01 05 1000

"Note: USA portions of SA 523 and 524 were renamed 561 and 562, respectively, in 1985.

27

*1994-2002 spatial distribution based upon Vessel Trip Report data, considered provisional.



Table 5. Percentage of annual USA commercial witch flounder landings by gear type, 1973-2002.

Year Otter Trawl Shrimp Trawl Other Total
1973 98.7 - 1.3 100.0
1974 99.7 - 0.3 100.0
1975 97.3 2.5 0.2 100.0
1976 98.8 0.9 0.3 100.0
1977 97.4 1.5 1.1 100.0
1978 98.1 - 1.9 100.0
1979 97.9 0.2 1.9 100.0
1980 96.6 0.6 2.8 100.0
1981 97.3 0.8 1.9 100.0
1982 96.8 0.9 2.3 100.0
1984 96.4 0.4 32 100.0
1985 95.1 1.0 39 100.0
1986 95.9 1.1 3.0 100.0
1987 95.5 1.1 3.4 100.0
1988 96.0 0.8 32 100.0
1989 95.3 0.4 4.3 100.0
1990 92.8 0.6 6.6 100.0
1991 95.1 0.5 4.4 100.0
1992 96.2 0.1 3.7 100.0
1993 94.2 0.0 5.8 100.0
1994 96.2 0.0 3.8 100.0
1995 96.1 0.0 3.9 100.0
1996 96.7 0.0 3.3 100.0
1997 96.9 0.0 3.1 100.0
1998 97.5 0.0 2.5 100.0
1999 97.4 0.0 2.6 100.0
2000 97.5 0.0 2.5 100.0
2001 97.5 0.0 2.5 100.0

2002 97.8 0.0 2.2 100.0
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Table 6. Percentage of annual USA commercial witch flounder landings by month for all gear types, 1973-2002.

YEAR JAN FEB MAR APR MAY JUN JUL AUG SEP OCT NOV DEC TOTAL
1973 5.0 32 8.8 10.9 14.2 14.4 10.8 10.7 53 7.6 5.6 3.6 100.0
1974 4.6 3.6 5.6 11.3 16.8 12.1 14.0 10.3 7.3 6.1 4.8 34 100.0
1975 3.7 43 6.1 10.7 143 13.2 13.8 9.1 7.8 6.2 6.9 39 100.0
1976 32 4.8 7.5 12.2 12.4 16.1 14.0 8.7 7.9 52 4.2 3.7 100.0
1977 43 6.1 10.2 9.2 9.2 10.9 12.0 10.9 7.8 6.7 7.1 54 100.0
1978 5.9 10.6 5.9 10.4 12.9 12.9 10.1 7.8 6.3 7.7 5.0 44 100.0
1979 7.2 52 8.1 7.2 9.0 15.5 12.1 9.3 7.6 6.9 6.7 52 100.0
1980 5.1 8.9 7.2 9.9 10.5 13.6 11.2 9.8 7.9 6.5 4.6 4.9 100.0
1981 7.5 5.8 10.5 8.0 9.0 13.0 9.2 7.8 8.5 6.9 6.6 7.2 100.0
1982 5.9 6.4 10.7 8.8 9.7 9.3 9.2 8.4 7.4 8.2 7.8 8.0 100.0
1983 9.2 8.6 11.4 12.4 10.0 9.6 7.2 7.6 6.3 5.7 53 6.8 100.0
1984 9.7 9.1 10.6 11.0 10.8 8.8 6.8 6.9 6.3 7.9 6.2 6.1 100.0
1985 8.0 73 8.8 12.6 12.5 8.1 8.3 7.7 7.9 7.4 53 6.1 100.0
1986 7.1 7.2 8.1 12.4 13.9 11.9 11.5 6.7 6.2 53 4.1 5.7 100.0
1987 6.4 6.8 8.8 9.7 15.1 11.4 8.7 7.7 6.5 5.9 5.7 7.3 100.0
1988 9.4 7.8 11.5 11.4 15.6 123 7.7 6.1 6.3 43 4.0 3.6 100.0
1989 6.9 7.6 10.4 13.9 17.0 12.7 7.1 6.8 4.7 4.8 4.1 4.0 100.0
1990 9.3 7.5 8.4 8.6 13.5 11.5 8.8 8.7 6.5 5.7 5.9 5.7 100.0
1991 4.8 43 33 8.4 13.2 10.7 10.4 9.5 10.0 10.2 7.0 8.2 100.0
1992 6.1 6.8 6.7 14.5 14.0 10.6 7.3 7.3 6.4 6.7 8.2 5.3 100.0
1993 7.8 5.9 10.5 8.1 14.7 10.6 7.1 7.7 6.4 7.7 7.1 6.4 100.0
1994 8.5 7.7 7.9 11.0 9.8 10.9 8.1 7.7 7.8 8.7 6.0 5.9 100.0
1995 7.2 5.9 9.7 10.7 11.6 133 9.1 7.8 7.1 7.6 52 5.0 100.0
1996 6.1 6.3 7.0 8.4 12.9 11.8 9.9 10.0 6.8 7.7 6.0 7.1 100.0
1997 6.2 7.5 7.6 9.4 10.4 143 9.7 8.0 9.3 6.2 4.8 6.6 100.0
1998 4.9 7.3 11.1 11.9 12.5 13.4 8.8 8.2 6.8 5.9 4.0 52 100.0
1999 6.0 6.7 8.8 8.4 9.9 15.8 9.9 9.7 5.5 5.9 6.0 7.4 100.0
2000 5.5 7.9 9.0 7.6 7.4 13.9 10.5 9.8 7.2 8.5 6.5 6.2 100.0
2001 8.9 5.5 7.9 10.5 7.4 13.6 10.7 8.6 8.0 5.7 5.6 7.6 100.0
2002 8.2 8.4 9.7 13.0 5.1 10.1 13.4 9.7 8.0 5.1 4.7 44 100.0

29



Table 7. Percentage of annual USA commercial witch flounder landings by port, 1982-2002.

Port/State 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
Rockland 22.9 24.4 19.8 18.4 19.6 36.2 35.7 34.8 31.3 32.1 293 1.0 0.5 0.7 0.6 0.9 1.2 1.2 0.7 0.1 0.2
Portland 16.3 21.5 12.6 13.6 10.1 11.2 10.5 11.1 1.6 2.4 2.6 35.7 39.3 36.5 40.3 40.8 329 29.5 28.2 27.4 23.6
Other Maine 14.0 13.0 11.3 8.8 10.1 11.9 10.6 6.1 8.2 9.0 10.7 10.9 11.0 8.5 8.7 8.7 11.2 11.7 9.5 9.0 9.4
NH 52 2.7 4.4 2.3 2.0 32 4.2 3.5 22 1.6 1.2 1.0 1.0 0.8 0.7 0.9 0.9 0.9 1.9 1.7 3.1
Boston 1.8 22 3.0 6.8 10.5 8.3 11.1 10.8 9.3 8.7 8.5 7.1 10.2 9.3 10.7 8.8 9.9 9.5 10.2 9.5 72
Gloucester 20.0 17.5 25.0 26.2 26.3 13.7 12.0 13.1 235 17.9 14.5 16.5 17.1 15.6 11.4 10.1 12.4 15.8 17.1 16.7 23.1
Chatham 1.3 1.0 1.5 1.4 0.8 1.9 2.1 2.0 1.0 0.8 0.7 1.0 0.6 0.8 0.6 0.7 0.8 1.1 3.0 0.9 1.5
New Bedford 33 4.8 8.5 10.4 11.5 6.4 5.5 7.7 8.0 9.1 15.1 13.0 9.6 20.6 19.7 20.2 21.4 18.5 18.7 24.9 232
Plymouth 0.7 1.3 1.1 1.1 0.8 0.9 0.8 0.7 0.4 0.8 0.8 0.7 0.2 0.1 0.1 0.0 0.3 0.4 1.7 0.6 1.2
Provincetown 5.8 5.0 4.4 33 29 1.7 1.4 3.1 42 6.0 32 4.4 2.6 2.3 1.5 1.5 2.4 1.7 1.8 2.5 1.5
Other Mass. 2.3 22 2.6 1.3 1.0 1.2 1.0 0.9 1.4 0.7 0.4 0.7 0.7 1.6 1.5 1.5 13 2.5 1.5 29 3.6
Newport 3.0 22 2.8 35 2.0 1.5 2.7 35 4.1 4.5 4.7 3.6 2.1 0.7 1.6 2.6 1.5 33 2.0 1.3 1.1
Point Judith 1.7 1.4 2.6 2.6 1.6 1.0 1.4 1.7 3.7 4.0 5.8 2.5 1.5 0.5 0.9 2.0 3.0 2.6 1.7 1.3 0.8
Other RI 0.5 0.2 0.0 0.0 0.2 0.3 0.0 0.0 0.0 0.0 0.0 0.0 0.2 0.0 0.5 0.3 0.3 0.1 0.1 0.1 0.1
CT - - - - - - - - - - - - 0.2 0.4 0.3 0.2 - 0.2 0.8 0.3 -
New York 0.0 0.0 0.0 0.0 0.0 0.0 0.3 0.4 0.2 0.8 1.1 0.7 2.1 0.7 0.5 0.4 0.2 0.6 0.3 0.3 0.1
New Jersey 0.8 0.4 0.4 0.4 0.5 0.4 0.5 0.6 0.8 1.3 1.3 1.0 0.8 0.3 0.3 0.3 0.2 0.3 0.8 0.4 0.3
Maryland 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0 0.0 0.0 0.0 0.0 0.0 0.0 0.1 0.0
Virginia 0.3 0.1 0.1 0.0 0.2 0.2 0.1 0.2 0.1 0.2 0.2 0.1 0.4 0.4 0.2 0.0 0.0 0.1 0.0 0.0 0.0
Total 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
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Table 8. Percentage of annual USA commercial witch flounder landings by market category, 1973 - 2002.

Year Peewee Small Medium Large Jumbo Uncl. Total
1973 0.0 13.5 0.0 459 0.0 40.7 100.0
1974 0.0 26.2 0.0 73.8 0.0 0.0 100.0
1975 0.0 26.3 0.0 73.7 0.0 0.0 100.0
1976 0.0 21.5 0.0 78.4 0.0 0.1 100.0
1977 0.0 22.9 0.0 77.1 0.0 0.0 100.0
1978 0.0 30.2 0.0 69.8 0.0 0.0 100.0
1979 0.0 30.8 0.0 69.2 0.0 0.0 100.0
1980 0.0 23.4 0.0 76.0 0.0 0.6 100.0
1981 0.0 30.1 0.0 68.3 0.0 1.6 100.0
1982 0.3 26.3 54 64.0 0.0 4.0 100.0
1983 1.4 25.0 14.7 58.4 0.0 0.4 100.0
1984 34 25.2 19.1 51.7 0.0 0.6 100.0
1985 7.7 27.8 23.2 40.5 0.1 0.7 100.0
1986 5.1 33.7 25.3 34.6 0.0 1.2 100.0
1987 3.6 37.2 26.0 31.0 0.5 1.7 100.0
1988 2.8 343 29.0 30.7 0.6 2.7 100.0
1989 3.3 29.8 31.2 31.5 1.1 3.0 100.0
1990 5.5 26.2 30.6 32.6 0.7 4.4 100.0
1991 6.6 33.1 25.5 31.0 1.3 2.4 100.0
1992 13.2 39.0 20.3 25.0 0.1 24 100.0
1993 17.7 39.3 18.5 21.6 0.0 2.9 100.0
1994 19.3 43.7 16.0 16.8 0.0 4.1 100.0
1995 26.0 46.6 11.9 13.0 0.0 2.5 100.0
1996 27.4 53.1 9.9 8.0 0.0 1.7 100.0
1997 18.2 63.7 10.5 6.1 0.0 1.4 100.0
1998 13.2 72.1 9.4 4.6 0.0 0.7 100.0
1999 10.1 74.3 10.1 4.6 0.0 0.9 100.0
2000 8.1 76.6 9.7 3.6 0.0 2.0 100.0
2001 9.0 77.9 9.1 2.9 0.0 1.1 100.0

2002 8.2 78.5 9.7 2.6 0.0 0.9 100.0
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Table 9. Summary of USA commercial witch flounder landings (mt), number of length samples (n), number of fish measured (len) and number of age
samples (age) by market category and quarter for all gear types, 1981 - 2002. The sampling ratio represents the amount of landings per length sample.

Quarter 1 Quarter 2 Quarter 3 Quarter 4 Sampling

Year Small Med. Large Small Med. Large Small Med. Large Small Med.  Large All Ratio

1981 mt 260 7 517 269 32 694 242 13 607 230 0 453 3324

n . . . . 1 1 . 1 . 1 . 1 5

len . . . . 101 103 . 89 . 105 . 100 498

age . . . . . 26 . 25 . 25 . 25 101

1982 mt 348 1 726 342 73 886 287 170 739 278 201 669 4720
n 5 2 6 1 2 2 2 2 6 3 4 2 37 128

len 527 194 626 126 209 216 189 210 514 307 393 189 3700

age 128 55 150 30 55 50 50 50 150 81 105 50 954

1983 mt 475 250 910 471 286 1037 298 154 758 257 169 613 5678
n 5 2 3 5 1 5 8 3 8 6 3 . 49 116

len 680 232 265 685 96 520 1008 123 981 677 344 . 5611

age 135 30 55 131 16 125 152 0 159 180 75 . 1058

1984 mt 462 322 1036 513 393 1000 403 248 653 429 286 586 6331
n 5 9 4 7 1 7 8 1 2 4 2 1 51 124

len 804 1112 400 970 117 775 1045 106 191 615 243 91 6469

age 154 250 76 186 25 180 210 28 53 105 44 25 1336

1985 mt 465 377 613 697 453 850 526 291 553 433 310 408 5976
n 12 1 2 5 4 7 7 7 6 8 2 4 65 92

len 1530 105 229 657 426 698 795 800 684 824 264 349 7361

age 319 29 50 106 77 153 97 138 113 161 25 29 1297

1986 mt 384 309 356 654 421 595 375 238 354 312 212 238 4448
n 6 3 5 5 4 5 4 3 4 5 3 2 49 90

len 662 307 515 558 410 413 302 364 406 416 337 233 4923

age 123 60 &9 106 97 129 63 75 100 87 75 52 1056
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Table 9 continued.

Quarter 1 Quarter 2 Quarter 3 Quarter 4 Sampling

Year Small Med. Large Small Med. Large Small Med. Large Small Med.  Large All Ratio

1987 mt 349 211 228 432 317 387 296 203 247 298 203 202 3373
n 1 1 2 4 2 3 5 5 4 2 3 2 34 69

len 85 145 200 323 228 316 354 583 400 204 261 178 3277

age 25 25 50 77 47 76 78 113 95 48 64 51 749

1988 mt 424 304 271 436 393 389 184 176 208 140 140 131 3196
n 5 4 5 5 5 3 5 4 3 3 4 3 49 65

len 335 407 465 344 544 429 396 359 295 229 402 356 4561

age 70 89 106 71 110 77 70 100 75 61 95 69 993

1989 mt 230 174 148 255 264 251 98 145 156 85 107 103 2016
n 1 2 2 2 2 1 2 2 1 1 2 18 112

len 94 201 222 230 236 27 150 206 100 125 202 1793

age 25 50 49 50 46 25 40 51 25 25 47 433

1990 mt 113 125 107 147 168 147 100 119 129 84 79 85 1403
n 1 2 3 6 3 1 6 2 2 7 2 35 40

len 134 199 199 335 296 100 349 247 145 381 201 2586

age 15 40 45 81 70 25 69 41 50 103 48 587

1991 mt 71 56 58 219 151 167 192 142 184 168 108 121 1637
n 5 2 3 7 2 1 4 2 3 5 4 3 41 40

len 262 224 401 537 239 125 212 165 249 300 410 274 3398

age 53 50 80 93 45 25 49 49 52 66 97 58 717

1992 mt 180 86 82 466 163 174 205 115 138 212 97 116 2034
n 4 2 2 7 1 2 7 1 1 2 1 30 68

len 259 241 185 501 125 235 477 121 117 129 46 2436

age 42 46 52 78 25 25 86 25 25 27 23 454

1993 mt 350 112 110 442 192 161 263 122 150 331 96 106 2435
n 7 1 7 1 1 9 1 5 32 76

len 830 100 741 107 100 728 85 499 3190

age 55 25 56 27 26 74 73 336
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Table 9 continued.

Quarter 1 Quarter 2 Quarter 3 Quarter 4 Sampling
Year Small Med. Large Small Med. Large Small Med. Large Small Med. Large All Ratio
1994 mt 403 143 98 505 183 154 390 122 117 383 91 80 2670
n 3 5 6 5 5 1 5 3 4 37 72
len 560 532 749 356 648 105 342 368 407 4067
age 59 104 134 44 113 26 56 60 82 678
1995 mt 336 91 77 586 117 100 399 61 70 304 48 40 2212
n 3 3 3 6 3 5 2 1 26 85
len 208 348 347 459 367 517 217 94 2557
age 53 84 89 81 75 135 . . . 27 . 25 569
1996 mt 313 57 36 545 86 60 458 56 44 363 42 28 2088
n 5 2 3 5 2 1 5 4 4 5 3 3 42 50
len 504 218 292 331 240 127 494 464 468 343 277 348 4106
age 59 45 78 53 50 26 59 86 101 60 70 69 756
1997 mt 313 40 25 478 86 41 398 55 27 265 31 16 1775
n 6 3 3 9 4 3 9 3 1 9 1 1 52 34
len 557 350 351 812 418 309 783 308 107 505 128 50 4678
age 77 68 70 108 73 77 98 81 20 73 18 23 786
1998 mt 372 39 19 587 79 31 380 40 20 239 26 14 1849 80
n 5 2 1 4 1 1 5 3 1 23
len 339 206 128 238 88 135 484 186 100 1904
age 45 50 19 30 29 47 22 242
1999 mt 386 48 19 616 79 31 436 67 30 353 38 18 2121 51
n 3 4 17 2 3 11 1 41
len 282 308 1110 201 306 775 109 3091
age 15 62 143 32 91 16 359
2000 mt 477 53 17 583 93 27 555 89 28 451 50 16 2439 21
n 31 2 47 17 1 5 5 2 110
len 2253 91 2445 994 105 308 558 217 6971
age 390 10 460 224 20 67 92 51 1314
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Table 9 continued.

Quarter 1 Quarter 2 Quarter 3 Quarter 4 Sampling

Year Small Med. Large Small Med. Large Small Med. Large Small Med. Large All Ratio

2001 mt 583 71 17 824 99 30 699 98 28 507 50 13 3019 70
n 8 4 2 3 3 2 8 2 3 5 3 43
len 744 422 134 237 352 159 594 209 213 313 232 3609
age 125 63 42 47 48 64 126 34 46 61 48 704

2002 mt 740 79 18 774 103 26 849 114 29 400 45 9 3186 91
n 4 1 2 3 5 3 5 2 3 3 2 2 35
len 312 121 107 212 518 209 389 150 194 262 226 115 2815
age 73 14 44 65 68 63 86 32 62 49 30 49 635
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Table 10. The data pooling to apply age and length frequency samples to landings by market category and
quarter to estimate numbers at age of witch flounder from 1982-2002.

Year Mkt. Cat.  Quarter 1 Quarter 2 Quarter 3 Quarter 4

Small <=Pooled => X X
1982 Med. X X X X
Large X X X X
Small X X X X
1983 Med. <=Pooled => X X
Large X X <=Pooled =>
Small X X X X
1984 Med. <=Pooled => <=Pooled =>
Large X X <=Pooled =>
Small X X X X
1985 Med. X X X X
Large X X X X
Small X X X X
1986 Med. X X X X
Large X X X X
Small <=Pooled => X X
1987 Med. <=Pooled => X X
Large X X X X
Small X X X X
1988 Med. X X X X
Large X X X X
Small <=Pooled => <=Pooled =>
1989 Med. X X X X
Large <===Pooled ===>
Small <=Pooled => X X
1990 Med. X X X X
Large <=Pooled => <=Pooled =>
Small X X X X
1991 Med. X X X X
Large <=Pooled => X X
Small X X X X
1992 Med. <===Pooled ===>
Large X X <=Pooled =>
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Table 10 continued.

Year

Mkt. Cat. Quarter 1 Quarter 2 Quarter 3 Quarter 4

Small X X <=Pooled =>
1993 Med. <===Pooled ===>

Large <===Poolcd ===>

Small <=Pooled => X X
1994 Med. <=Pooled => X X

Large <=Pooled => <=Pooled =>

Small X <== Pooled ==>
1995 Med. X <==Pooled ==>

Large X <==Pooled ==>

Small X X X X
1996 Med. <=Pooled => X X

Large <=Pooled => X X

Small X X X X
1997 Med. X X <=Pooled =>

Large X X <=Pooled =>

Small X X <=Pooled =>
1998 Med. <=Pooled => <=Pooled =>

Large <===Poolcd ===>

Small <=Pooled => X X
1999 Med. <===Pooled ==—=>

Large <===Poolcd ===>

Small X X X X
2000 Med. <===Pooled ==—=>

Large <===Pooled ===>

Small X X X X
2001 Med. <=Pooled => <=Pooled =>

Large <===Poolcd ===>

Small X X X X
2002 Med. <=Pooled => <=Pooled =>

Large <=Pooled => <=Pooled =>
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Table 11. USA commercial landings at age in numbers, weight (thousands of fish; mt) and mean weight (kg) and mean length (cm) at age of witch flounder,

1982 - 2002.
Age
Year 0 1 2 3 4 5 6 7 8 o 10 11 12 13 14+ ToTAL 17T
USA Commercial Landings in Numbers (1000's) at Age
1982 0.0 0.0 0.0 1179 826.6 11199 14543 6652 656.0 399.5 2394 201.0 3563 183.7 8374 70572 1578.4
1983 0.0 0.0 0.0 2198 768.6 1033.7 1567.3 1590.2 9778 737.7 5104 366.0 2873 289.1 733.1 9081.0 1675.5
1984 0.0 0.0 0.0 90.6 10124 1808.7 1734.3 1486.5 1497.5 696.7 375.1 279.5 3564 2613 821.6 10420.0 1718.8
1985 0.0 0.0 0.0 0.0 985.1 2026.8 1933.8 15249 12479 606.0 4004 2612 221.5 170.7 705.8 10084.0 1359.2
1986 0.0 0.0 0.0 6.3 2985 1441.6 2772.6 15669 8349 4127 2228 1882 157.0 137.0 276.0 83145 7582
1987 0.0 0.0 0.0 0.0 81.5 321.6 1276.0 15747 870.9 480.6 2524 1324 90.8 62.1 204.1 5347.1 4894
1988 0.0 0.0 0.0 0.0 50.8 176.0 654.7 1382.7 11541 401.5 266.7 124.1 94.0 71.9  307.5 4684.0 597.5
1989 0.0 0.0 0.0 0.0 7.3 49.7 3143 7594  882.1 349.7 1234 73.2 61.1 56.7 157.1 2833.8  349.0
1990 0.0 0.0 0.0 0.0 181.6 5743 2556 2739 471.1 3339 81.4 43.1 38.5 19.1 76.9 23492  179.1
1991 0.0 0.0 0.0 0.0 1795 7329 5194 2358 2446 292.1 313.6 51.8 44.0 22,5  139.5 27756  260.8
1992 0.0 0.0 0.0 0.0 5093 8394 9355 717.0 201.6 1779 120.0 217.6 46.3 26.5 86.5 3877.7 380.2
1993 0.0 0.0 0.0 0.0 4222 1022.8 917.7 5972 5856 218.8 2785 1139 32.6  103.6 1404 44332 391.1
1994 0.0 0.0 0.0 0.0 201.3 14294 12862 8269 196.7 5392 113.5 71.4 40.2 1323 80.4 49174 3249
1995 0.0 0.0 0.0 0.0 2377 763.0 1597.4  848.7  267.5 97.2  269.5 55.0 43.9 8.1 499 4023.8 157.1
1996 0.0 0.0 0.0 0.0 458 467.7 1263.8 14304 2632 2155 57.1 78.8 3.6 13.0 18.2 38572 113.7
1997 0.0 0.0 0.0 0.0 2122 5279 1049.4 10140 5913 83.1 49.8 17.9 36.6 2.2 13.4 3597.8 70.2
1998 0.0 0.0 0.0 0.0 18.1  488.0 1213.5 1583.0 3705 1414 15.5 37.2 5.6 19.9 7.7 3900.2 70.3
1999 0.0 0.0 0.0 0.0 1852 5857 1391.7 11783 7632 2513 31.6 40.8 0.0 0.0 13.5 44413 54.4
2000 0.0 0.0 0.0 0.0 754 2662 1062.1 1611.1 1027.6  623.7 948 174.3 6.2 5.0 27.4 49739  212.8
2001 0.0 0.0 0.0 0.0 18.8 3822 940.5 1669.0 14594 6343 4254 95.8 163.5 8.6 38.8 58363  306.7
2002 0.0 0.0 0.0 0.0 1732 6449 12427 2098.3 12744  632.1 96.4 102.7 11.0 65.6 253 6366.6 202.6
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Table 11 continued. USA commercial landings.

Age
Year 0 1 2 3 4 5 6 7 8 o 10 11 12 13 14+ TOTAL T
USA Commercial Landings Mean Weight (kg) at Age

1982 0.000 0.000 0.000 0.216 0.275 0.345 0424 0.550 0.727 0.886 0.983 1.146 1.255 1.310 1.553 0.695 1.406
1983  0.000 0.000 0.000 0.195 0.257 0.322 0410 0.518 0.613 0.795 0977 1.116 1.208 1.321 1.551 0.661 1.357
1984  0.000 0.000 0.000 0.212 0.268 0.346 0422 0.539 0.664 0.817 0922 1.004 1.212 1.332 1.511 0.639 1.339
1985  0.000 0.000 0.000 0.000 0.253 0.311 0429 0.565 0.691 0.842 0964 1.057 1.193 1.311 1470 0.608 1.326
1986  0.000 0.000 0.000 0.084 0.227 0306 0408 0.533 0.676 0.853 0975 1.132 1.199 1317 1.521 0.555 1.321
1987  0.000 0.000 0.000 0.000 0.272 0.342 0434 0.561 0.686 0.828 0980 1.067 1.222 1386 1467 0.645 1.303
1988  0.000 0.000 0.000 0.000 0.310 0.367 0435 0.538 0.668 0.819 0980 1.074 1.190 1.290 1477 0.696  1.326
1989  0.000 0.000 0.000 0.000 0.260 0.344 0425 0574 0.682 0.818 0.968 1.128 1.258 1.315 1.519 0.730  1.358
1990  0.000 0.000 0.000 0.000 0.308 0.323 0438 0.586 0.688 0.849 1.049 1.213 1.262 1.521 1.669  0.624  1.454
1991  0.000 0.000 0.000 0.000 0.286 0.371 0443 0.578 0.702 0.836 0974 1.099 1369 1.537 1.536 0.640 1.420
1992 0.000 0.000 0.000 0.000 0.328 0.383 0459 0.614 0.739 0.822 0.882 1.039 1.337 1459 1.640 0.575 1.243
1993  0.000 0.000 0.000 0.000 0.292 0364 0432 0535 0.666 0.882 1.023 1.118 1.199 1.368 1.519 0.587 1.335
1994  0.000 0.000 0.000 0.000 0.308 0.357 0430 0.534 0.691 0.832 0909 1.083 1.172 1.204 1.576  0.542  1.266
1995  0.000 0.000 0.000 0.000 0.284 0.367 0.448 0.561 0.690 0911 0974 1.101 1.203 1411 1406 0.549 1.243
1996  0.000 0.000 0.000 0.000 0.260 0.355 0435 0.554 0.708 0.856 0974 1.114 1401 1440 1.558 0.541 1.232
1997  0.000 0.000 0.000 0.000 0.318 0.357 0407 0495 0.628 0.871 1.037 1.168 1.196 1.687 1.659 0.492 1.293
1998  0.000 0.000 0.000 0.000 0.235 0.331 0382 0492 0585 0.871 0978 1.115 1.132 1.261 1.557 0474 1.206
1999  0.000 0.000 0.000 0.000 0.325 0355 0406 0.516 0.584 0.628 0917 0.683 - - 1442 0477 0.872
2000  0.000 0.000 0.000 0.000 0319 0327 0376 0450 0.533 0.633 0.677 0.834 1.167 1.298 1.379 0.490  0.925
2001  0.000 0.000 0.000 0.000 0.291 0.325 0.384 0469 0.550 0.646 0.647 0.718 0.816 1.016 1.206  0.517  0.840
2002  0.000 0.000 0.000 0.000 0.354 0344 0416 0477 0.554 0.651 0.824 0.844 0.716 0.993 1.120 0.501 0.919
mean

1982-02 0.000 0.000 0.000 0.034 0.287 0.345 0421 0.535 0.654 0.807 0.934 1.237

1999-02 0.000  0.000 0.000 0.000 0.322 0338 0396 0478 0.555 0.640 0.766 0.889
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Table 11 continued. USA commercial landings.

Age
Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14+ TOTAL 17
USA Commercial Landings Mean Length (cm) at Age
1982 0.0 0.0 0.0 32.3 35.0 37.5 39.8 42.9 46.5 49.3 50.9 53.2 54.6 55.2 58.0 443 56.3
1983 0.0 0.0 0.0 31.7 343 36.8 39.4 42.2 44.2 47.7 50.7 52.8 54.0 56.6 55.8 35.9 55.0
1984 0.0 0.0 0.0 32.6 349 37.6 39.8 42.7 453 48.2 49.9 51.2 54.1 55.6 57.6 43.6 55.5
1985 0.0 0.0 0.0 0.0 342 36.3 40.0 433 459 48.6 50.6 51.9 53.8 55.3 57.1 42.9 55.3
1986 0.0 0.0 0.0 25.0 33.2 36.2 39.4 42.5 45.6 48.8 50.7 53.0 53.9 55.4 57.7 42.0 55.3
1987 0.0 0.0 0.0 0.0 35.0 37.4 40.1 43.2 45.8 48.4 50.8 52.1 54.2 56.2 57.1 443 55.1
1988 0.0 0.0 0.0 0.0 36.4 38.2 40.1 42.7 454 48.2 50.8 52.1 53.7 55.0 57.1 453 55.3
1989 0.0 0.0 0.0 0.0 34.6 37.5 39.9 43.5 45.6 48.1 50.6 52.9 54.6 55.3 57.6 46.0 55.7
1990 0.0 0.0 0.0 0.0 36.2 36.8 40.2 43.7 458 48.7 51.8 54.1 54.6 57.8 59.2 43.5 56.8
1991 0.0 0.0 0.0 0.0 354 38.3 40.3 433 46.1 48.5 50.6 52.5 56.0 57.9 57.9 43.8 56.5
1992 0.0 0.0 0.0 0.0 37.0 38.7 40.7 443 46.8 48.3 49.2 51.7 55.5 57.0 58.9 42.7 54.2
1993 0.0 0.0 0.0 0.0 35.8 38.1 40.0 42.6 453 49.3 51.5 52.8 53.9 55.9 57.7 42.8 55.5
1994 0.0 0.0 0.0 0.0 36.0 37.6 39.7 423 45.6 48.0 49.1 51.8 53.1 534 57.8 41.7 54.1
1995 0.0 0.0 0.0 0.0 35.3 37.9 40.2 42.8 454 49.3 50.1 52.0 53.4 56.0 55.8 42.0 53.8
1996 0.0 0.0 0.0 0.0 344 37.5 39.8 42.7 45.8 48.4 50.1 52.2 55.8 56.2 57.6 42.0 53.6
1997 0.0 0.0 0.0 0.0 36.4 37.6 39.1 41.3 44.2 48.5 51.1 52.9 53.3 59.0 58.7 40.9 54.4
1998 0.0 0.0 0.0 0.0 334 36.8 38.4 41.2 433 48.7 50.5 52.3 52.7 54.1 57.6 40.5 534
1999 0.0 0.0 0.0 0.0 36.6 37.5 39.0 41.8 433 443 494 452 - - 56.4 40.7 48.0
2000 0.0 0.0 0.0 0.0 36.4 36.7 38.2 40.2 42.2 44.2 45.2 47.7 53.0 54.6 55.3 40.9 49.0
2001 0.0 0.0 0.0 0.0 35.5 36.6 38.4 40.7 42.5 44.6 44.5 459 47.7 50.8 53.3 41.6 479
2002 0.0 0.0 0.0 0.0 37.4 37.2 39.3 40.9 42.7 44.6 479 48.2 45.8 50.5 52.2 41.6 49.3
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Table 12. Discard rates (kg/day fished) by fishing zone' obtained from a ratio estimator (kg of witch flounder
discarded to days fished) using Fisheries Observer Program data collected from the northern shrimp
fishery, number of days fished by the shrimp fishery, mean discard rates (kg/df) and estimated discard
weight (kg) of witch flounder in the northern shrimp fishery, during the 1989 - 1997 shrimp seasons.

__Sea Sample Data Estimated  Estimated
Discard Commercial Mean discard discard
Shrimp  Fishing Rate days discard weight weight
Season Zone Trips (kg/df) fished rate (kg) (mt)
1989 1 5 0.0000 398.2
2 15 2.2032 1680.2
3 16 17.7543 761.1
2839.5 6.0626 17,215 17.2
1990 1 4 0.0000 416.9
2 23 7.0751 1610.9
3 20 14.1459 1176.8
3204.6 8.7512 28,044 28.0
1991 1 13 0.9770 528.0
2 25 4.4822 1154.8
3 24 29.9863 904.9
2587.7 12.6856 32,827 32.8
1992 1 30 2.7834 187.3
2 60 8.9270 1764.1
3 20 7.6787 361.9
2313.3 8.2343 19,048 19.0
1993 1 38 1.3559 526.9
2 53 3.7619 1094.2
3 13 12.9178 281.1
1902.2 4.4485 8,462 8.5
1994%* 1 37 3.3021 498.7
2 56 5.8385 1334
3 5 11.1394 149.6
1982.3 5.6004 11,102 11.1
1995%* 1 24 2.0007 2036.2
2 46 27.5162 1109
3 18 11.7543 230.5
3375.7 11.0492 37,299 37.3
1996* 1 8 0.3532 2079.4
2 31 7.6343 958.2
3 11 28.919 205.3
3242.9 4.3130 13,987 14.0
1997* 1 6 0.4065 1996.1
2 19 2.9403 1191.8
3 3 16.3461 473.2
3661.1 3.2915 12,051 12.1

! Fishing zones: 1 = 0-3 miles; 2 = 3 - 12 miles, and 3 = greater than 12 miles from shore.

* Commercial days fished have been estimated from Vessel Trip Report data.
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Table 13. Witch flounder discard rates (kg/df), days fished (df), discarded metric tons (mt), numbers of
discarded fish (in thousands) in the northern shrimp fishery during 1982-2002.

Calendar Year

Shrimp Days Fished

Season Numbers
Year Disc. Rate Jan-Apr Dec. Total mt (‘000)
1982 5.7025 970.1 35.6 1005.7 5.90 62.14
1983 10.4523 1121.3 141.7 1263 12.56 131.67
1984 5.9234 1612.3 237.6 1849.9 10.93 110.94
1985 5.8129 1843.8 272.8 2116.6 12.12 91.32
1986 5.1502 2122.3 428.9 2551.2 13.14 98.80
1987 5.1502 3279.3 380.4 3659.7 21.79 235.99
1988 12.8824 2434.8 426.9 2861.7 33.95 723.95
1989 6.0626 2412.6 491.9 2904.5 18.93 219.81
1990 8.7512 2712.7 377.6 3090.3 28.53 468.56
1991 12.6856 2210.1 172.3 2382.4 29.46 443.85
1992 8.2343 2141.0 113.2 22542 18.13 384.45
1993 4.4485 1789.0 161.7 1950.7 8.86 356.77
1994 5.6004 1820.6 530.8 2351.4 16.06  1891.71
1995 11.0492 2844.9 547.6 3392.5 33.80 1176.37
1996 4.3130 2695.3 645.2 3340.5 13.75 250.46
1997 3.2915 3016.0 361.4 33774 13.27 304.52
1998 9.2437 1842.6 96.9 1939.5 18.04 873.52
1999 10.3851 1120.5 0 1120.5 11.64 563.50
2000 9.8775 792.9 0 792.9 7.83 379.26
2001 6.6415 672.8 0 672.8 4.47 216.38
2002 3.5325 238 0 238 0.84 40.68

Note: 1982-1988 discard rates were derived from a linear regression using 1989-1993 discard rates and
NEFSC autumn age 3 abundance indices.

1998-2002 discard rates were derived from a linear regression using 1989-1993 discard rates and
NEFSC autumn age 3 abundance indices.
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Table 14. Witch flounder discards at age in numbers, weight (thousands of fish; mt) and mean weight (kg) and mean length (cm) at age in the shrimp fishery,

1982 - 2002.
Age
Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14+ TOTAL
Shrimp Fishery Discards in Numbers (1000's) at Age
1982 0.00 0.00 1.59 25.24 21.12 11.27 291 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 62.14
1983 0.00 0.00 3.62 53.11 44.65 23.81 6.48 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 131.67
1984 0.00 0.33 0.77 46.84 38.55 19.41 5.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 110.94
1985 0.00 0.34 3.37 11.72 47.06 26.39 2.44 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 91.32
1986 0.00 0.53 3.86 15.07 49.83 27.04 2.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 98.80
1987 2.08 18.92 79.51 15.62 74.59 41.46 3.81 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 235.99
1988 0.42 14.62 130.29 495.50 42.57 37.70 2.85 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 723.95
1989 0.74 10.47 47.52 69.23 76.39 15.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 219.81
1990 1.19 5.18 92.78 239.97 97.13 32.31 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 468.56
1991 2.96 17.79 15.98 287.35 102.86 11.59 5.32 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 443.85
1992 2.71 43.41 136.92 118.76 82.06 0.60 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 384.45
1993 112.06 78.84 107.58 38.69 14.13 5.02 0.46 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 356.77
1994 8.06 1368.46 495.50 19.62 0.00 0.07 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1891.71
1995 2.68 49.95 630.10 480.83 12.25 0.20 0.36 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1176.37
1996 5.21 32.68 50.83 99.45 59.21 2.09 0.99 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 250.46
1997 8.68 74.91 102.92 86.49 23.71 7.30 0.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 304.52
1998 49.78 391.44 264.72 132.04 30.13 4.78 0.63 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 873.52
1999 32.11 252.51 170.76 85.18 19.44 3.09 0.41 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 563.50
2000 21.61 169.95 114.93 57.33 13.08 2.08 0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 379.26
2001 12.33 96.96 65.57 32.71 7.46 1.19 0.16 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 216.38
2002 2.32 18.23 12.33 6.15 1.4 0.22 0.03 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 40.68

Note: 1998-2002 estimated using 1993-1997 Fisheries Observer Program data.
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Table 14 continued. Discards in the shrimp fishery.

Age
Year 0 1 2 3 4 5 6 8 9 10 11 12 13 14+ TOTAL
Shrimp fishery Mean Weight (kg) at Age
1982 0.040 0.043 0.101 0.165 0.256 0.095
1983 0.040 0.044 0.101 0.166 0.256 0.095
1984 0.017 0.044 0.050 0.105 0.165 0.256 0.099
1985 0.017 0.023 0.081 0.123 0.179 0.231 0.133
1986 0.017 0.026 0.089 0.125 0.180 0.231 0.133
1987 0.006 0.015 0.033 0.071 0.126 0.180 0.231 0.092
1988 0.004 0.006 0.017 0.036 0.121 0.206 0.282 0.047
1989 0.010 0.012 0.033 0.058 0.122 0.249 0.086
1990 0.004 0.010 0.029 0.043 0.107 0.155 0.061
1991 0.004 0.014 0.030 0.045 0.117 0.221 0.218 0.066
1992 0.003 0.007 0.021 0.043 0.119 0.225 0.047
1993 0.003 0.009 0.022 0.057 0.136 0.237 0.317 0.025
1994 0.005 0.004 0.019 0.032 0.282 0.009
1995 0.005 0.007 0.023 0.037 0.083 0.289 0.282 0.029
1996 0.004 0.019 0.031 0.056 0.090 0.184 0.289 0.055
1997 0.004 0.023 0.033 0.048 0.115 0.144 0.256 0.044
1998 0.003 0.006 0.023 0.042 0.100 0.184 0.286 0.021
1999 0.003 0.006 0.023 0.042 0.100 0.184 0.286 0.021
2000 0.003 0.006 0.023 0.042 0.100 0.184 0.286 0.021
2001 0.003 0.006 0.023 0.042 0.100 0.184 0.286 0.021
2002 0.003 0.006 0.023 0.042 0.100 0.184 0.286 0.021
Mean
1982-02 0.004 0.011 0.027 0.050 0.110 0.197 0.267 0.058

Note:1998-2002 estimated using 1993-1997 Fisheries Observer Program data.
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Table 14 continued. Discards in the shrimp fishery.

Age
Year 0 1 2 3 4 5 6 7 8 9 10 1 12 13 14+ TOTAL
Shrimp fishery Mean Length (cm) at Age
1982 203 206 265 307 349 25.1
1983 203 206 265 307 349 25.1
1984 157 207 212 267 307 349 254
1985 157 169 242 281 314 339 283
1986 157 173 249 282 314 339 283
1987 106 153 190 234 282 314 339 243
1988 102 109 156 194 279 328 360 19.8
1980 136 139 189 222 281 346 24.0
1990 105 136 179 204 270 302 219
1991 97 142 177 209 276 336 334 225
1992 93 108 166 205 279 337 19.5
1993 92 120 169 221 289 342 373 14.7
1994 107 98 159 185 - 360 11.5
1995 109 116 170 196 249 362 360 18.0
1996 100 153 184 221 256 317 362 212
1997 102 161 189 212 276 295 350 19.6
1998 94 104 168 203 264 315 361 14.9
1999 94 104 168 203 264 315 361 14.9
2000 94 104 168 203 264 315 361 14.9
2001 94 104 168 203 264 315 361 14.9
2002 94 104 168 203 264 315 361 14.9

Note: 1998-2002 estimated using 1993-1997 Fisheries Observer Program data.
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Table 15. Three scenarios of large-mesh otter trawl discards were examined: 1) survey filter method utilizing
the NEFSC bottom trawl survey; 2) survey filter method and the Fisheries Observer Program (FOP) data;
and 3) survey filter method and the Vessel Trip Reports (VTR).

Year Scenario 1 Scenario 2 Scenario 3

1982

1983
1984
1985
1986
1987
1988
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
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Table 16. Example of the spreadsheet calculations for estimating semi-annual discarded witch flounder in the large-mesh otter trawl
fishery. This spreadsheet illustrates 1993, quarters 1 and 2 with the NEFSC spring survey. The bold
numbers indicate columns and the mathematical operation performed.

1993 Landings from Q1+Q2 and 1993 spring survey

1 2 3=1*2 5=3*4 6=3-5 7 8=6*factor

140 mm 100's units

Length Survey Prop. Survey Prop Survey Survey Numbers Numbers
(cm) No/tow Retained Retained Kept Kept Discarded Landed Discarded
1 0.000 0.00005 0.0000 0.00 0.0000 0.0000 0 0
3 0.000 0.00008 0.0000 0.00 0.0000 0.0000 0 0
5 0.034 0.00015 0.0000 0.00 0.0000 0.0000 0 34
7 0.064 0.00028 0.0000 0.00 0.0000 0.0000 0 120
9 0.051 0.00051 0.0000 0.00 0.0000 0.0000 0 174
11 0.000 0.00092 0.0000 0.00 0.0000 0.0000 0 0
13 0.000 0.00168 0.0000 0.00 0.0000 0.0000 0 0
15 0.011 0.00305 0.0000 0.00 0.0000 0.0000 0 224
17 0.067 0.00554 0.0004 0.00 0.0000 0.0004 0 2483
19 0.042 0.01005 0.0004 0.00 0.0000 0.0004 0 2823
21 0.028 0.01816 0.0005 0.00 0.0000 0.0005 0 3401
23 0.042 0.03261 0.0014 0.00 0.0000 0.0014 0 9161
25 0.061 0.05787 0.0035 0.00 0.0000 0.0035 0 23612
27 0.165 0.10065 0.0166 0.00 0.0000 0.0166 0 111083
29 0.079 0.16938 0.0134 0.00 0.0000 0.0134 0 89503
31 0.205 0.27091 0.0555 0.01 0.0006 0.0550 0 367759
33 0.165 0.40372 0.0666 0.10 0.0067 0.0600 231 401011
35 0.152 0.55231 0.0840 0.99 0.0831 0.0008 2519 5615
37 0.076 0.69211 0.0526 1.00 0.0526 0.0000 4892 0
39 0.042 0.80377 0.0338 1.00 0.0338 0.0000 3984 0
41 0.050 0.88184 0.0441 1.00 0.0441 0.0000 3143 0
43 0.000 0.93150 0.0000 1.00 0.0000 0.0000 1699 0
45 0.000 0.96121 0.0000 1.00 0.0000 0.0000 1658 0
47 0.000 0.97833 0.0000 1.00 0.0000 0.0000 1293 0
49 0.054 0.98799 0.0534 1.00 0.0534 0.0000 1268 0
51 0.046 0.99337 0.0457 1.00 0.0457 0.0000 1225 0
53 0.000 0.99635 0.0000 1.00 0.0000 0.0000 812 0
55 0.018 0.99799 0.0180 1.00 0.0180 0.0000 486 0
57 0.000 1.0000 0.0000 1.00 0.0000 0.0000 354 0
59 0.000 1.0000 0.0000 1.00 0.0000 0.0000 198 0
61 0.000 1.0000 0.0000 1.00 0.0000 0.0000 72 0
63 0.019 1.0000 0.0190 1.00 0.0190 0.0000 27 0
65 0.000 1.0000 0.0000 1.00 0.0000 0.0000 4 0
67 0.000 1.0000 0.0000 1.00 0.0000 0.0000 0 0
69 0.000 1.0000 0.0000 1.00 0.0000 0.0000 0 0
71 0.000 1.0000 0.0000 1.00 0.0000 0.0000 0 0
TOTAL 1.471 0.5088 0.3568 0.1520 2,386,500 1,017,003

1: From SURVAN, stratified mean number per tow at length.
2: From LOGEST Program using 140 mm mesh in 1993 from adjusted 130-d mm from Walsh et al. (1992) for Am plaice

4: knife-edge at 36 cm
7: From Length BIOSTAT

Factor = 6,688,621

(col 7/ col 5)
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Table 17 . Summary of number of trips, tows, kept and discard pounds of witch flounder, discard: kept ratio observed in the large-mesh otter trawl fishery in the
Georges Bank - Gulf of Maine area (observed tows only; excluding trips targeting loligo) from the Fisheries Observer Program, 1989 - 2002.

January - June July- December Annual
Fish in Pounds D/K metric tons fish in Pounds D/K metric tons mt

Year Trips  Tows disc I-f  kept discard ratio Landing Disc. Trips Tows  disc If kept Disc ratio landings  discard
1989 3 17 68 850 14 0.016 1298.64  20.78 4 19 411 427 142 0.333  663.58 22097 241.75
1990 2 2 20 50 1 0.020 79525 15091 1 12 10 535 48 0.090 573.98 51.66 67.56
1991 4 45 15 1655 49 0.030 757.7 22.73 6 52 148 1882 159 0.084 947.63 79.60  102.33
1992 4 80 31 1896 222 0.117 1273.78 149.03 0 0 0 0 0 0.117 884.62 103.50 252.53
1993 3 37 428 1607 806  0.502 1411.03 708.34 2 24 229 1665 125 0.075 1041.84 78.14  786.48
1994 5 70 63 7298 332 0.045 142792  64.26 5 126 125 3794 157 0.041 1139.81 46.73  110.99
1995 31 640 1500 35968 2561  0.071 1244.48  88.36 11 199 571 8240 669 0.081 878.28 71.14  159.50
1996 17 267 272 14016 1387  0.099 1049.86 103.94 1 13 75 638 90 0.141 968.59 136.57 240.51
1997 9 203 593 10907 1831 0.168 9452 158.79 7 134 77 4518 750 0.166 772.52 128.24 287.03
1998 7 93 200 3786 595 0.157 1095.59 172.01 2 14 3 277 37 0.134  705.15 94.49  266.50
1999 3 46 5 3663 454  0.124 1149.74 142.57 15 148 225 10057 644 0.064 914.79 58.55 201.11
2000 29 211 101 25343 666  0.026 121838  31.68 30 266 134 26149 1711 0.065 1159.65 75.38 107.06
2001 34 332 48 36279 1864  0.051 1596.02  81.40 45 383 459 35016 3581 0.102 1356.47 13836 219.76
2002 27 298 795 36836 2439  0.066 1678.73 110.80 83 500 2361 44451 5268 0.119 1408.75 167.64 278.44

average 0.107 0.115

Note: in 1993, one 'dirty' trip' during Jan-June; if excluded, d/k ratio = 0.132.; dis mt = 186.3 mt

1999 and 1998 annual discard length frequencies were used due to low numbers of fish in each half year.

48



Table 18. Number of trips, witch flounder kept and discarded weight (mt), discard:kept ratio from the Vessel Trip Reports, and commercial landings and
estimated total discard weight.

Year Qtr 1+2 Qtr 3+4 Total
1994 VTR trips 1228 2487

VTR kept (mt) 209.13 631.67

VTR disc. (mt) 20.07 36.98

Ratio (d/k) 0.09597  0.05854

Landings (mt) 1427.29 1139.81 2567.1

Discards (mt) 136.976 66.7282 203.7
1995 VTR trips 2674 1801

VTR kept (mt) 603.17 331.91

VTR disc. (mt) 32.25 17.41

Ratio (d/k) 0.05347  0.05245

Landings (mt) 1244.48 878.28 2122.8

Discards (mt) 66.5393 46.0693 112.6
1996 VTR trips 2216 1662

VTR kept (mt) 469.79 411.2

VTR disc. (mt) 21.62 22.93

Ratio (d/k) 0.04602 0.05576

Landings (mt) 1049.86 968.59 2018.5

Discards (mt) 48.3151 54.0121 102.3
1997 VTR trips 1906 1360

VTR kept (mt) 355.61 302.67

VTR disc. (mt) 16.39 17.22

Ratio (d/k) 0.04609  0.05689

Landings (mt) 945.2 772.52 1717.7

Discards (mt) 43.5641 43.9515 87.5
1998 VTR trips 1645 1129

VTR kept (mt) 320.93 223.35

VTR disc. (mt) 17.06 11.82

Ratio (d/k) 0.05316  0.05292

Landings (mt) 1095.59 705.15 1800.7

Discards (mt) 58.2394 37.3175 95.6

Year Qtr 1+2 Qtr 3+4 Total
1999 VTR trips 1417 1655

VTR kept (mt) 389.71 3343

VTR disc. (mt) 18.75 17.11

Ratio (d/k) 0.04811 0.05118

Landings (mt) 1149.74 914.79 2064.5

Discards (mt) 553171 46.8204 102.1
2000 VTR trips 1421 1608

VTR kept (mt) 397.84 369.31

VTR disc. (mt) 21.84 19.76

Ratio (d/k) 0.0549  0.05351

Landings (mt) 1218.38 1159.65 2378.0

Discards (mt) 66.8847 62.0473 128.9
2001 VTR trips 1327 1165

VTR kept (mt) 531.92 410.55

VTR disc. (mt) 24.28 19.91

Ratio (d/k) 0.04565 0.0485

Landings (mt) 1596.02 1356.47 2952.5

Discards (mt) 72.8519 65.7833 138.6
2002 VTR trips 791 1227

VTR kept (mt) 494.02 388.52

VTR disc. (mt) 23.78 16.15

Ratio (d/k) 0.04814  0.04157

Landings (mt) 1678.73 1408.75 3087.5

Discards (mt) 80.8068 58.5589 139.4
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Table 19. Numbers and weight (mt) of discarded witch flounder in the large-mesh otter trawl fishery derived
by three scenarios: 1) Vessel trip reports (VTR), 2) Fisheries Observer Program (FOP), and
3) survey filter method.

Survey
filter
Year VTR FOP method
Numbers (1000's)
1982 359.01
1983 1062.39
1984 599.49
1985 320.94
1986 78.75
1987 136.47
1988 202.67
1989 733.52
1990 959.82
1991 455.22
1992 988.11
1993 2171.25
1994 832.65 2155.99
1995 639.95 906.50 1302.62
1996 543.51 1277.79 2432.13
1997 489.12 1604.49 2071.03
1998 549.41 1541.34 1722.55
1999 520.04 1024.35 1932.76
2000 668.38 555.11 3022.89
2001 695.16 1102.21 3820.86
2002 701.19 1400.56 3475.61
Weight (mt)
1982 42.44
1983 149.04
1984 88.81
1985 48.75
1986 12.00
1987 25.68
1988 26.55
1989 241.8 113.86
1990 67.6 155.75
1991 102.3 65.41
1992 252.5 153.31
1993 786.45 367.77
1994 203.7 110.99 406.30
1995 112.6 159.50 231.23
1996 102.3 240.51 439.88
1997 87.5 287.03 379.83
1998 95.6 266.50 316.89
1999 102.1 201.11 342.33
2000 128.9 107.05 546.34
2001 138.6 219.76 700.93

2002 139.4 278.44 645.23
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Table 20.

Large-mesh otter trawl discards at age in numbers (thousands of fish), mean weight (kg) and mean length (cm) at age of witch flounder,
1982 - 2002, estimated using a survey filter method 1982-1994) and FOP data (1995-2002).

Age
Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14+ TOTAL 11+
Large-mesh Otter Trawl Fishery Discards in Numbers (1000's) at Age
1982 0.03 0.06 0.13 4735 216.75 76.50 18.19 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 359.01 0.00
1983 0.00 0.02 0.66 64.20 532.92 463.25 1.34 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1062.39 0.00
1984 0.00 0.00 0.11 9.17 41536 174.59 0.26 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 599.49 0.00
1985 0.00 0.00 0.10 111.86 143.96 65.02 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 320.94 0.00
1986 0.00 0.00 0.00 1.58  28.74  48.15 0.28 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 78.75 0.00
1987 0.00 0.00 0.42 6.63 25.17 104.00 0.25 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 136.47 0.00
1988 0.00 0.04 0.00 104.77  46.54  50.60 0.72 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 202.67 0.00
1989 0.11 0.22 2.80 377.82 352.57 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 733.52 0.00
1990 0.27 1.11 2.52 10396 35544 496.52 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 959.82 0.00
1991 0.10 0.11 7.28 15442 12336 119.27 50.68 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 455.22 0.00
1992 0.13 094 2251 280.70 664.19 19.17 0.47 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 988.11 0.00
1993 1.70 6.96  22.01 37854 1371.00 391.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2171.25 0.00
1994 0.00 0.02 094 2235 800.5 1330.43 1.75 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 2155.99 0.00
1995 0.00 0.00 2541 14796 33433 278.03 116.71 2.65 1.09 0.31 0.00 0.00 0.00 0.00 0.00  906.50 0.00
1996 0.00 0.00 0.00 2243 41944 737.88 98.04 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 1277.79 0.00
1997 0.00 0.00 0.00  48.80 82257 480.73 243.46 5.05 2.47 1.41 0.00 0.00 0.00 0.00 0.00 1604.49 0.00
1998 0.00 1.45 29.48 199.19 508.67 571.00 201.32  28.61 0.93 0.70 0.00 0.00 0.00 0.00 0.00 1541.34 0.00
1999 0.00 0.43 23.69 75.74 32149 506.95 69.80  22.80 2.19 1.25 0.00 0.00 0.00 0.00 0.00 1024.35 0.00
2000 0.00 0.00 4.58 46.17 19798 187.57 95.56 18.26 4.99 0.00 0.00 0.00 0.00 0.00 0.00 555.11 0.00
2001 0.00 0.00 0.85 37.22  316.95 557.06 157.64 32.29 0.09 0.09 0.00 0.00 0.00 0.00 0.00 1102.21 0.00
2002 0.00 2.01 5.09 3481 57448 577.81 161.64 33.89 6.61 2.47 1.04 0.00 0.00 0.00 0.00 1400.56 0.00
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Table 20 continued. Discards in the large-mesh otter trawl fishery ( survey filter method (1982-1994) and FOP data (1995-2002) .

Age
Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14+ TOTAL 11+
Large-mesh Otter Trawl Fishery Discards Mean Weight (kg) at Age
1982 0.000 0.002 0.014 0.050 0.128 0.121 0.169 0.118 -
1983 0.009 0.029 0.081 0.132 0.158 0.209 0.140 -
1984 0.014 0.072 0.144 0.162 0.209 0.148 -
1985 0.031 0.133 0.163 0.160 0.152 -
1986 0.105 0.125 0.170 0.209 0.152 -
1987 0.014 0.105 0.122 0.210 0.256 0.188 -
1988 0.002 0.086 0.161 0.195 0.256 0.131 -
1989 0.001 0.013 0.044 0.134 0.179 0.155 -
1990 0.001 0.018 0.028 0.105 0.146 0.187 0.162 -
1991 0.001 0.010 0.048 0.093 0.140 0.191 0.210 0.144 -
1992 0.001 0.015 0.057 0.129 0.168 0.214 0.256 0.155 -
1993 0.001 0.014 0.050 0.129 0.175 0.199 0.169 -
1994 0.026 0.044 0.103 0.175 0.198 0.256 0.188 -
1995 0.059 0.095 0.152 0.221 0.252 0.473 0.595 0.702 0.176 -
1996 0.077 0.145 0.208 0.251 0.188 -
1997 0.108 0.157 0.185 0.242 0.495 0.471 0.702 0.179 -
1998 0.008 0.041 0.089 0.165 0.200 0.219 0.225 0.355 0.370 0.174 -
1999 0.021 0.037 0.097 0.162 0.218 0.281 0.406 0.447 0.505 0.196 -
2000 0.066 0.096 0.155 0.198 0.280 0.313 0.403 0.193 -
2001 0.070 0.130 0.171 0.208 0.230 0.258 0.309 0.309 0.199 -
2002 0.018 0.054 0.122 0.180 0.205 0.234 0.264 0.414 0.577 0.566 0.199 -
Mean
1982-02 0.001 0.009 0.037 0.102 0.155 0.180 0.236 0.264 0.428 0.528 0.566
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Table 20 continued. Discard in the large-mesh otter trawl fishery ( survey filter method (1982-1994) and FOP data (1995-2002) .

Age
Year 0 1 2 3 4 5 6 7 - 8 9 10 11 12 13 14+ TOTAL 11+
Large-mesh Otter Trawl Fishery Discards Mean Length (cm) at Age

1982 5.0 7.8 15.0 21.4 28.3 28.1 31.0 - - 27.5 -
1983 13.0 18.5 24.7 28.6 304 33.0 - - 29.2 -
1984 - 15.0 23.6 29.5 30.6 33.0 - - 29.7 -
1985 - 19.0 28.8 30.7 30.5 - - - 30.0 -
1986 5.0 - - 27.0 28.3 31.1 33.0 - - 30.0 -
1987 - 15.0 27.0 28.1 33.0 35.0 - - 31.8 -
1988 9.0 - 254 304 323 35.0 - - 28.3 -
1989 5.9 14.4 20.7 28.8 31.5 - - - - 30.1 -
1990 6.1 16.0 18.1 26.8 29.6 31.8 - - - 304 -
1991 5.5 12.7 21.3 25.8 29.2 32.1 33.0 - - 29.1 -
1992 5.7 15.0 22.5 28.4 30.8 33.2 35.0 - - 30.0 -
1993 5.5 14.5 21.5 28.5 31.2 32.5 - - - 30.8 -
1994 17.9 20.7 26.5 31.2 324 35.0 - - 31.9 -
1995 22.7 259 29.9 33.5 34.8 41.8 44.7 47.0 30.8 -
1996 24.6 29.5 329 34.8 31.7 -
1997 27.1 30.3 31.8 344 424 41.6 47.0 313 -
1998 12.3 20.3 25.6 30.7 32.5 333 334 38.5 39.0 30.9 -
1999 17.0 19.7 26.1 30.5 333 359 40.0 41.1 42.7 31.9 -
2000 23.5 26.1 30.0 323 35.8 36.7 39.7 31.7 -
2001 23.9 28.5 31.0 329 33.9 35.1 37.0 37.0 324 -
2002 16.0 21.9 27.7 314 32.7 34.0 35.1 40.1 44.2 44.0 323
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Table 21.

Total USA commercial catch [landings + shrimp trawl discards + large-mesh otter trawl discards using survey filter and FOP] in numbers, (thousands of fish),
mean weight (kg) and mean length (cm) at age of witch flounder, 1982 - 2002.

Age
Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14+ TOTAL 11+
USA Commercial Catch in Numbers (1000's) at Age
1982 0.03 0.06 1.72 190.5 1064.5 1207.7 14754 665.2 656.0 399.5 239.4 201.0 356.3 183.7 8374 74784 1578.4
1983 0.00 0.02 4.28 337.1 1346.2 1520.8 1575.1 1590.2 977.8 737.7 510.4 366.0 287.3 289.1 733.1 10275.1 1675.5
1984 0.00 0.33 0.88 146.6 14663 2002.7 1739.6 1486.5 1497.5 696.7 375.1 279.5 356.4 261.3 821.6 11131.0 1718.8
1985 0.00 0.34 3.47 123.6  1176.1 2118.2 1936.2 15249 1247.9 606.0 400.4 261.2 221.5 170.7 705.8 10496.4 1359.2
1986 0.00 0.53 3.86 23.0 377.1  1516.8 27754 1566.9 834.9 412.7 222.8 188.2 157.0 137.0 276.0 8492.1 758.2
1987 2.08 18.92 79.93 22.3 181.3 467.1 1280.1 1574.7 870.9 480.6 252.4 132.4 90.8 62.1 204.1 5719.6 489.4
1988 0.42 14.66  130.29 600.3 139.9 264.3 658.3 13827 1154.1 401.5 266.7 124.1 94.0 71.9 307.5 5610.6 597.5
1989 0.85 10.69 50.32 447.1 436.3 65.2 314.3 759.4 882.1 349.7 123.4 73.2 61.1 56.7 157.1 3787.2 348.0
1990 1.46 6.29 95.30 343.9 634.1 1103.2 255.6 273.9 471.1 333.9 81.4 43.1 38.5 19.1 76.9 3777.6 177.5
1991 3.06 17.90 23.26 441.8 405.8 863.7 575.4 235.8 244.6 292.1 313.6 51.8 44.0 22.5 139.5 3674.7 257.8
1992 2.84 4435 159.43 399.5 1255.6 859.2 936.0 717.0 201.6 177.9 120.0 217.6 46.3 26.5 86.5 52503 377.0
1993 113.76 85.80 129.59 417.2 1807.3 1419.0 918.1 597.2 585.6 218.8 278.5 113.9 32.6 103.6 140.4 6961.3 390.5
1994 8.06 1368.48 496.44 42.0 1001.8 2759.9 1288.0 826.9 196.7 539.2 113.5 71.4 40.2 132.3 80.4 8965.1 3243
1995 2.68 4995 655.51 628.8 370.3 1041.2 1714.5 851.4 268.5 97.5 269.5 55.0 439 8.1 499 6106.7 156.8
1996 5.21 32.68 50.83 121.9 5244  1207.7 13629 1430.5 263.2 215.5 57.1 78.8 3.6 13.0 182  5385.5 113.6
1997 8.68 7491 102.92 135.3 1058.5 1016.0 12934 1019.1 593.8 84.6 49.8 17.9 36.6 2.2 13.4  5506.9 70.1
1998 49.78  392.89 294.20 331.2 556.9 1063.7 14155 1611.6 371.4 142.1 15.5 37.2 5.6 19.9 7.7 6315.1 70.3
1999 32.11 25294 194.45 160.9 526.1 1095.8 1462.0 1201.1 765.3 252.5 31.6 40.8 0.0 0.0 13.5  6029.2 54.4
2000 21.61  169.95 119.51 103.5 286.5 4559 1158.0 1629.4 1032.6 623.7 94.8 174.3 6.2 5.0 27.4  5908.3 212.8
2001 12.33 96.96 66.42 69.9 343.2 940.4 1098.3 1701.3 1459.6 634.4 425.4 95.8 163.5 8.6 38.8 7154.9 306.7
2002 2.32 20.24 17.42 41.0 749.1 12229 14044 21322 1281.1 634.6 97.5 102.7 11.0 65.6 253  7807.9 205.2
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Table 21 continued. Total USA commercial catch (landings + shrimp trawl discards + LM otter trawl discards) .

Age
Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14+ TOTAL 11+

USA Commerical Mean Weight (kg) at Age

1982 0.000 0.002 0.038 0.152 0.242 0.329 0.421 0.550 0.727 0.886 0.983 1.146 1.255 1.310 1.553 0.662 1.406

1983 0.009 0.038 0.149 0.202 0.270 0.409 0.518 0.613 0.795 0.977 1.116 1.208 1.321 1.551 0.600 1.357
1984 0.017 0.040 0.151 0.229 0.328 0.421 0.539 0.664 0.817 0.922 1.004 1.212 1.332 1.511 0.607 1.339
1985 0.017 0.023 0.128 0.237 0.305 0.429 0.565 0.691 0.842 0.964 1.057 1.193 1.311 1.470 0.590 1.326
1986 0.017 0.026 0.089 0.206 0.299 0.408 0.533 0.676 0.853 0.975 1.132 1.199 1.317 1.521 0.546 1.321

1987 0.006 0.015 0.033 0.081 0.191 0.298 0.433 0.561 0.686 0.828 0.980 1.067 1.222 1.386 1.467 0.611 1.303
1988 0.004 0.006 0.017 0.045 0.203 0.311 0.434 0.538 0.668 0.819 0.980 1.074 1.190 1.290 1.477 0.592 1.326
1989 0.009 0.012 0.034 0.122 0.170 0.321 0.425 0.574 0.682 0.818 0.968 1.128 1.258 1.315 1.519 0.581 1.358
1990 0.004 0.012 0.029 0.062 0.186 0.257 0.438 0.586 0.688 0.849 1.049 1.213 1.262 1.521 1.669 0.437 1.454
1991 0.004 0.014 0.035 0.062 0.199 0.344 0.420 0.578 0.702 0.836 0.974 1.099 1.369 1.537 1.536 0.509 1.420
1992 0.003 0.007 0.026 0.103 0.230 0.379 0.459 0.614 0.739 0.822 0.882 1.039 1.337 1.459 1.640 0.457 1.243
1993 0.003 0.009 0.027 0.122 0.202 0.318 0.432 0.535 0.666 0.882 1.023 1.118 1.199 1.368 1.519 0.428 1.335
1994 0.005 0.004 0.019 0.070 0.202 0.280 0.430 0.534 0.691 0.832 0.909 1.083 1.172 1.204 1.576 0.344 1.266
1995 0.005 0.007 0.024 0.051 0.158 0.328 0.435 0.561 0.690 0.910 0.974 1.101 1.203 1.411 1.406 0.393 1.243
1996 0.004 0.019 0.031 0.060 0.149 0.265 0.422 0.554 0.708 0.856 0.974 1.114 1.401 1.440 1.558 0.435 1.232
1997 0.004 0.023 0.033 0.070 0.189 0.274 0.376 0.495 0.627 0.868 1.037 1.168 1.196 1.687 1.659 0.376 1.293
1998 0.003 0.006 0.024 0.070 0.163 0.260 0.359 0.487 0.584 0.869 0.978 1.115 1.132 1.261 1.557 0.338 1.206
1999 0.003 0.006 0.024 0.068 0.217 0.291 0.400 0.514 0.584 0.627 0.917 0.683 1.442 0.387 0.872
2000 0.003 0.006 0.024 0.066 0.196 0.273 0.368 0.448 0.532 0.633 0.677 0.834 1.167 1.298 1.379 0.432 0.925
2001 0.003 0.006 0.023 0.089 0.176 0.256 0.362 0.465 0.550 0.646 0.647 0.718 0.816 1.016 1.206 0.453 0.840
2002 0.003 0.007 0.032 0.110 0.220 0.278 0.395 0.474 0.553 0.651 0.821 0.844 0.716 0.993 1.120 0.444 0918

Mean
1982-02 0.0040 0.0106 0.0287 0.0914 0.1984 0.2984 0.4131 0.5344 0.6534 0.8066 0.9339 1.2372
1999-02 0.0031 0.0063 0.0258 0.0830 0.2021 0.2746 0.3813 0.4752 0.5548 0.6393 0.7656 0.8887
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Table 21 continued. Total USA commercial catch (landings+ shrimp trawl discards + LM otter trawl discards) .

Age
Year 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14+ TOTAL 11+

USA Commerical Mean Length (cm) at Age

1982 5.0 7.8 19.9 28.1 335 36.8 39.7 42.9 46.5 493 50.9 53.2 54.6 55.2 58.0 433 56.3
1983 13.0 20.0 28.6 31.8 34.7 394 422 44.2 47.7 50.7 52.8 54.0 56.6 55.8 35.0 55.0
1984 15.7 20.0 28.4 33.1 36.9 39.7 42.7 453 48.2 49.9 51.2 54.1 55.6 57.6 42.7 55.5
1985 15.7 16.9 28.4 33.6 36.1 39.9 433 459 48.6 50.6 51.9 53.8 553 57.1 42.4 553
1986 15.7 17.3 25.1 322 36.0 393 42.5 45.6 48.8 50.7 53.0 53.9 55.4 57.7 41.8 553

1987 10.6 153 19.0 24.5 313 35.9 40.1 43.2 45.8 48.4 50.8 52.1 54.2 56.2 57.1 43.2 55.1
1988 10.2 10.9 15.6 20.4 31.8 36.3 40.1 42.7 45.4 48.2 50.8 52.1 53.7 55.0 57.1 41.4 553
1989 12.6 13.9 19.0 27.8 30.9 36.8 39.9 43.5 45.6 48.1 50.6 52.9 54.6 553 57.6 41.6 55.7

1990 9.7 14.0 18.0 22.3 31.1 343 40.2 43.7 45.8 48.7 51.8 54.1 54.6 57.8 59.2 37.5 56.8
1991 9.6 14.1 18.8 22.6 31.6 37.4 39.6 433 46.1 48.5 50.6 52.5 56.0 57.9 57.9 394 56.5
1992 9.1 10.9 17.4 26.1 33.1 38.5 40.7 443 46.8 48.3 49.2 51.7 55.5 57.0 58.9 38.6 54.2
1993 9.1 12.2 17.7 27.9 323 36.6 40.0 42.6 453 49.3 51.5 52.8 53.9 55.9 57.7 37.6 55.5
1994 10.7 9.8 15.9 22.8 322 35.1 39.7 423 45.6 48.0 49.1 51.8 53.1 53.4 57.8 33.0 54.1

1995 10.9 11.6 17.3 21.1 30.1 36.7 39.8 42.8 45.4 49.3 50.1 52.0 534 56.0 55.8 35.7 53.8
1996 10.0 15.3 18.4 22.5 29.5 34.7 394 42.7 45.8 48.4 50.1 52.2 55.8 56.2 57.6 38.6 53.6
1997 10.2 16.1 18.9 233 314 34.8 38.2 41.3 44.2 48.5 51.1 52.9 533 59.0 58.7 36.9 544

1998 9.4 10.4 17.1 23.5 30.5 34.5 37.6 41.1 433 48.6 50.5 523 52.7 54.1 57.6 34.6 534
1999 9.4 10.4 17.2 23.0 325 35.6 38.9 41.8 433 443 49.4 45.2 56.4 36.8 48.0
2000 9.4 10.4 17.1 22.9 31.5 34.8 38.0 40.1 42.1 44.2 45.2 47.7 53.0 54.6 553 384 49.0
2001 9.4 10.4 16.9 24.7 31.1 344 37.7 40.5 42.5 44.6 44.5 45.9 47.7 50.8 533 39.3 47.9

2002 9.4 11.0 18.3 26.6 32.8 35.1 38.7 40.8 42.6 44.6 479 48.2 45.8 50.5 52.2 39.7 493
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Table 22. Mean weights at age (kg) at the beginning of the year (January 1) for witch flounder, 1982-2002. Values derived from catch mean weight-at-age data

using procedures described by Rivard (1980).

Age

Year 1 2 3 4 5 6 7 8 9 10 11+
1982 0.0005 0.0193 0.1316 0.2287 0.2951 0.3789 0.5210 0.6952 0.8437 0.9332 1.4056
1983 0.0042 0.0090 0.0755 0.1753 0.2552 0.3670 0.4667 0.5806 0.7602 0.9304 1.3575
1984 0.0143 0.0191 0.0763 0.1848 0.2577 0.3371 0.4696 0.5865 0.7077 0.8561 1.3393
1985 0.0137 0.0199 0.0719 0.1893 0.2639 0.3751 0.4880 0.6103 0.7477 0.8875 1.3255
1986 0.0121 0.0208 0.0456 0.1623 0.2663 0.3525 0.4781 0.6180 0.7677 0.9061 1.3209
1987 0.0142 0.0236 0.0456 0.1300 0.2477 0.3602 0.4783 0.6047 0.7481 0.9143 1.3031
1988 0.0027 0.0161 0.0384 0.1284 0.2438 0.3598 0.4829 0.6122 0.7496 0.9008 1.3256
1989 0.0076 0.0145 0.0457 0.0874 0.2554 0.3636 0.4992 0.6057 0.7392 0.8904 1.3577
1990 0.0066 0.0187 0.0457 0.1510 0.2092 0.3752 0.4990 0.6284 0.7609 0.9263 1.4542
1991 0.0103 0.0202 0.0426 0.1108 0.2533 0.3286 0.5032 0.6414 0.7584 0.9094 1.4198
1992 0.0033 0.0190 0.0604 0.1192 0.2745 0.3974 0.5081 0.6536 0.7596 0.8587 1.2431
1993 0.0062 0.0135 0.0563 0.1445 0.2703 0.4046 0.4955 0.6395 0.8073 0.9170 1.3353
1994 0.0019 0.0130 0.0434 0.1571 0.2380 0.3698 0.4802 0.6080 0.7444 0.8954 1.2656
1995 0.0036 0.0105 0.0308 0.1050 0.2572 0.3491 0.4909 0.6068 0.7931 0.9002 1.2426
1996 0.0142 0.0151 0.0382 0.0868 0.2048 0.3719 0.4907 0.6301 0.7683 0.9416 1.2316
1997 0.0229 0.0251 0.0465 0.1061 0.2021 0.3154 0.4569 0.5895 0.7840 0.9422 1.2930
1998 0.0030 0.0239 0.0483 0.1069 0.2215 0.3135 0.4279 0.5378 0.7381 0.9215 1.2061
1999 0.0030 0.0120 0.0406 0.1233 0.2180 0.3226 0.4293 0.5333 0.6055 0.8924 0.8721
2000 0.0031 0.0120 0.0399 0.1150 0.2436 0.3272 0.4236 0.5231 0.6078 0.6517 0.9247
2001 0.0026 0.0118 0.0463 0.1076 0.2237 0.3145 0.4137 0.4967 0.5864 0.6400 0.8403
2002 0.0038 0.0138 0.0504 0.1395 0.2213 0.3179 0.4140 0.5072 0.5982 0.7283 0.9179

mean

1982-2002 0.0073 0.0167 0.0533 0.1361 0.2439 0.3525 0.4722 0.5956 0.7322 0.8735 1.2372

1999-2002 0.0031 0.0124 0.0443 0.1214 0.2267 0.3206 0.4202 0.5151 0.5995 0.7281 0.8888
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Table 23. USA commercial witch flounder landings (L), days fished (DF), and landings per day fished (L/DF), by vessel tonnage class, for otter trawl trips which
any witch flounder were landed, and for otter trawl trips in which 40% or more of the total catch consisted of witch flounder, in the Gulf of Maine-Georges
Bank region (SA 51, 52, 56), 1973 - 2002. Note: in 1994-2002, Vessel Trip Report data were used.

CLASS 2 CLASS 3 CLASS 4 TOTAL
YEAR L DF L\DF L DF L\DF L DF L\DF L DF L\DF
ALL TRIPS
1973 802 2620 0.31 1284 6236 0.21 234 859 0.27 2320 9715 0.25
1974 497 2478 0.20 1029 7092 0.15 157 1004 0.16 1683 10574 0.16
1975 679 2354 0.29 1126 7728 0.15 153 1178 0.13 1957 11260 0.19
1976 756 2826 0.27 913 6373 0.14 97 860 0.11 1765 10059 0.19
1977 1074 3183 0.34 1070 6025 0.18 157 872 0.18 2302 10080 0.25
1978 1372 4033 0.34 1658 7053 0.24 277 1225 0.23 3307 12310 0.28
1979 946 4465 0.21 1467 6757 0.22 283 1570 0.18 2696 12792 0.21
1980 1062 4932 0.22 1428 7120 0.20 376 1997 0.19 2866 14049 0.20
1981 1069 3748 0.29 1637 7015 0.23 423 2595 0.16 3129 13358 0.24
1982 1162 4430 0.26 2346 8626 0.27 905 3559 0.25 4413 16615 0.27
1983 1203 3930 0.31 2796 9581 0.29 1308 4544 0.29 5307 18056 0.29
1984 1281 4069 0.31 3245 12157 0.27 1423 4769 0.30 5949 20994 0.28
1985 1195 3794 0.31 2765 12664 0.22 1600 5530 0.29 5560 21988 0.26
1986 806 3289 0.25 2031 10525 0.19 1177 5287 0.22 4015 19101 0.21
1987 647 2833 0.23 1623 9593 0.17 845 5035 0.17 3114 17461 0.18
1988 560 2986 0.19 1463 8948 0.16 951 4871 0.20 2973 16805 0.18
1989 283 2269 0.12 959 8538 0.11 618 4292 0.14 1860 15099 0.12
1990 265 2649 0.10 661 7736 0.09 347 4172 0.08 1274 14557 0.09
1991 316 3135 0.10 830 9076 0.09 383 4681 0.08 1529 16892 0.09
1992 352 3589 0.10 1148 10720 0.11 414 5005 0.08 1914 19314 0.10
1993 380 3321 0.11 1347 10872 0.12 530 4711 0.11 2257 18904 0.12
1994 261 2067 0.13 581 5126 0.11 302 2384 0.13 1143 9578 0.12
1995 291 2784 0.10 852 7328 0.12 462 3911 0.12 1605 14023 0.11
1996 369 2647 0.14 908 6992 0.13 399 3200 0.12 1677 12839 0.13
1997 371 2666 0.14 731 5084 0.14 277 2395 0.12 1379 10145 0.14
1998 393 2641 0.15 694 4697 0.15 255 1867 0.14 1342 9205 0.15
1999 407 2316 0.18 682 4387 0.16 288 1675 0.17 1378 8377 0.17
2000 555 2665 0.21 993 5431 0.18 398 2564 0.16 1946 10660 0.18
2001 321 1349 0.24 771 3750 0.21 396 2115 0.19 1488 7213 0.21

2002 320 875 0.37 446 1781 0.25 185 988 0.19 951 3644 0.28
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Table 23 continued.

CLASS 2 CLASS 3 CLASS 4 TOTAL
YEAR L DF L\DF L DF L\DF L DF L\DF L DF L\DF
40% TRIPS
1973 306 208 1.47 392 271 1.45 96 58 1.66 793 536 1.48
1974 134 99 1.34 169 112 1.50 21 16 1.25 323 228 1.42
1975 292 171 1.71 208 168 1.24 4 4 1.09 504 343 1.51
1976 211 144 1.47 137 90 1.54 3 1 3.38 352 234 1.51
1977 151 93 1.62 129 84 1.53 1 4 0.26 281 182 1.57
1978 214 162 1.33 197 82 2.39 7 2 3.58 418 246 1.87
1979 93 79 1.17 103 69 1.49 7 2 3.45 203 151 1.41
1980 93 82 1.14 107 40 2.66 54 25 2.17 254 147 2.00
1981 101 54 1.87 239 108 2.21 22 13 1.69 362 175 2.08
1982 172 112 1.53 289 136 2.13 55 31 1.75 516 279 1.89
1983 183 140 1.30 519 279 1.86 48 30 1.59 750 450 1.70
1984 234 210 1.12 705 595 1.18 176 98 1.80 1115 903 1.27
1985 266 277 0.96 465 580 0.80 177 143 1.24 909 1000 0.93
1986 185 236 0.78 499 785 0.64 127 169 0.75 811 1190 0.69
1987 155 195 0.79 377 569 0.66 86 109 0.78 617 873 0.71
1988 137 176 0.78 517 905 0.57 202 254 0.79 856 1335 0.66
1989 45 67 0.67 128 256 0.50 77 112 0.69 250 435 0.59
1990 36 57 0.63 49 85 0.58 9 16 0.54 94 158 0.60
1991 35 76 0.46 55 106 0.52 1 1 0.83 92 183 0.50
1992 42 65 0.65 181 382 0.48 25 7 3.32 248 454 0.79
1993 76 140 0.54 266 538 0.49 30 42 0.71 372 720 0.52
1994 95 221 0.43 90 225 0.40 17 22 0.77 202 468 0.45
1995 90 237 0.38 155 323 0.48 28 53 0.54 274 613 0.45
1996 139 309 0.45 169 378 0.45 40 60 0.67 348 746 0.47
1997 98 238 0.41 158 311 0.51 17 36 0.48 273 585 0.47
1998 154 327 0.47 172 263 0.65 5 6 0.90 331 596 0.57
1999 164 370 0.44 140 240 0.59 17 14 1.18 321 624 0.54
2000 212 329 0.64 164 200 0.82 21 14 1.49 396 543 0.76
2001 97 117 0.83 138 143 0.96 8 7 1.28 244 267 0.92

2002 132 127 1.05 104 91 1.14 0 0 0.00 236 217 1.09
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Table 24. The sum of the 1963-2001 NEFSC autumn stratified mean number per tow by stratum (Stratum sum),
the percentage of annual stratum sampling which produced no catch (% Zero Catch), and the percentage
of stratum contribution (all years) to the total (% Total).

Strata Stratum sum % Zero Catch % Total
1 0.00 100.0 0.0
2 0.70 84.6 0.1
3 0.22 92.3 0.0
4 2.88 76.9 0.3
5 0.23 97.4 0.0
6 19.30 48.7 1.8
7 0.43 94.9 0.0
8 2.51 64.1 0.2
9 0.53 92.3 0.0

10 8.54 56.4 0.8
11 1.23 92.3 0.1
12 2.01 86.8 0.2
13 7.80 43.6 0.7
14 0.68 89.7 0.1
15 4.26 69.2 0.4
16 0.98 74.4 0.1
17 1.12 92.3 0.1
18 7.40 74.4 0.7
19 0.00 100.0 0.0
20 0.02 97.4 0.0
21 1.43 89.7 0.1
22 73.23 5.1 6.8
23 5.75 66.7 0.5
24 85.01 2.6 7.9
25 0.61 94.9 0.1
26 73.21 5.1 6.8
27 94.59 0.0 8.8
28 22.08 154 2.1
29 18.72 7.7 1.7
30 8.93 56.4 0.8
33 6.88 61.5 0.6
34 55.51 2.6 5.2
351 93.13 8.3 8.7
36 48.86 0.0 4.5
37 109.01 0.0 10.2
38 185.36 0.0 17.3
39 38.84 5.1 3.6
40 85.47 10.3 8.0
61 0.00 100.0 0.0
62 0.00 100.0 0.0
63 0.10 97.1 0.0
64 0.60 90.6 0.1

65 0.00 100.0 0.0
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Strata Stratum sum % Zero Catch % Total

66 0.00 100.0 0.0

67 0.05 97.1 0.0

68 1.10 75.8 0.1

69 0.02 97.1 0.0

70 0.00 100.0 0.0

71 0.00 100.0 0.0

72 3.35 81.8 0.3

73 0.00 100.0 0.0

74 0.00 100.0 0.0

75 0.05 97.1 0.0

76 1.20 80.0 0.1

Total 1073.89 100.0
Strata set 22-30,36-40 92.5
Strata set 6,22-30,36-40 93.9

Strata set 22,24,26-30,36-40 91.8
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Table 25. Stratified mean number, weight (kg), length (cm), and individual weight (kg) per tow of witch flounder in
NEFSC offshore spring and autumn bottom trawl surveys in Gulf of Maine-Georges Bank region
(strata 22-30,36-40), 1963-2003.

SPRING AUTUMN

Number Weight Length  Ave. wt. Number Weight Length  Ave. wt.
Year per tow per tow per tow per tow per tow per tow per tow per tow
1963 - - - - 5.52 3.46 39.7 0.627
1964 - - - - 2.89 2.00 44.2 0.691
1965 - - - - 3.94 2.27 40.6 0.577
1966 - - - - 7.80 4.56 41.2 0.584
1967 - - - - 3.01 2.02 43.7 0.673
1968 4.83 3.35 423 0.695 4.82 3.49 44.8 0.724
1969 3.74 2.53 453 0.676 5.81 4.40 43.5 0.757
1970 6.39 4.49 44.7 0.702 4.89 3.71 45.0 0.760
1971 2.70 2.04 46.5 0.756 4.32 2.95 42.1 0.683
1972 5.35 4.01 45.8 0.749 3.24 242 43.9 0.747
1973 8.20 6.21 44.8 0.758 3.18 2.05 43.6 0.646
1974 6.23 3.62 393 0.581 2.38 1.58 41.0 0.666
1975 3.72 2.75 43.9 0.739 1.66 1.03 39.8 0.621
1976 5.50 3.70 423 0.673 1.34 0.94 41.9 0.699
1977 4.20 1.96 37.2 0.467 5.06 3.38 42.0 0.669
1978 3.87 2.56 41.7 0.662 4.04 2.94 42.8 0.727
1979 291 1.71 38.2 0.587 1.94 1.62 45.2 0.838
1980 8.46 3.89 36.0 0.460 2.62 2.04 43.7 0.777
1981 8.14 4.05 38.0 0.497 3.66 2.19 40.4 0.600
1982 3.64 1.87 37.2 0.513 0.99 0.83 44.7 0.842
1983 6.41 2.74 36.3 0.427 4.72 2.12 36.7 0.448
1984 3.00 1.66 39.9 0.554 4.37 2.34 39.7 0.534
1985 5.18 2.75 40.3 0.531 2.76 1.59 41.9 0.577
1986 2.07 1.35 44.1 0.650 1.59 1.09 433 0.683
1987 1.01 0.65 43.4 0.646 0.48 0.37 43.9 0.774
1988 1.43 0.85 423 0.590 1.38 0.57 352 0.414
1989 1.95 0.74 35.8 0.382 0.89 0.38 314 0.423
1990 0.63 0.24 35.2 0.378 2.00 0.40 24.7 0.200
1991 1.68 0.57 31.5 0.341 2.08 0.54 29.2 0.258
1992 1.26 0.48 34.8 0.383 0.94 0.24 29.5 0.254
1993 1.47 0.36 303 0.245 5.15 0.54 17.0 0.105
1994 3.13 0.53 274 0.170 221 0.42 24.9 0.191
1995 1.88 0.47 30.6 0.248 4.74 0.62 25.7 0.132
1996 1.36 0.28 30.5 0.204 5.38 1.02 29.7 0.189
1997 2.22 0.43 31.0 0.195 5.11 0.77 24.9 0.150
1998 4.27 0.77 29.0 0.179 3.70 0.47 24.2 0.127
1999 3.15 0.48 28.1 0.153 5.92 0.88 26.3 0.148
2000 3.45 0.52 27.3 0.151 6.63 1.11 27.1 0.167
2001 441 0.75 29.5 0.171 7.94 1.71 323 0.216
2002 8.10 1.62 314 0.199 431 1.06 332 0.247
2003 5.20 1.30 34.2 0.250

Note: During 1963-1984, BMV oval doors were used in the spring and autumn surveys; since 1985, Portuguese polyvalent doors have been used in both
surveys. No significant differences in catchability were found for witch flounder, therefore no adjustments have been made (Byrne and Forrester, MS 1991). No
significant differences were found between research vessels, and no adjustment have been made (Byrne and Forrester, MS 1991).

Spring surveys during 1973-1981 were accomplished with a 41 Yankee trawl; in all other years, a 36 Yankee trawl was used. No adjustments have been made.
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Table 26. Stratified mean number, weight (kg),length (cm) per tow of witch flounder in Massachusetts
Division of Marine Fisheries inshore spring and autumn surveys in the Cape Cod Bay and
Mass. Bay region (Regions 4 and 5), 1978-2002.
SPRING AUTUMN

Number Weight Length Number Weight Length
Year per tow per tow per tow per tow per tow per tow
1978 2.98 2.15 453 2.47 2.41 48.2
1979 1.36 1.41 47.9 1.39 1.09 44.4
1980 1.49 1.44 46.0 1.66 1.77 48.2
1981 3.74 3.18 43.7 0.36 0.23 423
1982 1.23 0.97 46.1 1.24 0.76 40.3
1983 2.15 1.29 38.9 3.79 2.68 45.9
1984 1.50 1.01 41.6 0.62 0.45 44.7
1985 1.12 0.82 43.9 0.83 0.57 44.2
1986 0.90 0.83 47.1 0.32 0.27 46.3
1987 1.45 1.10 44.7 0.26 0.20 45.7
1988 0.36 0.29 46.1 0.39 0.24 40.8
1989 0.17 0.07 359 0.21 0.13 42.2
1990 0.40 0.32 45.0 0.06 0.03 37.5
1991 0.17 0.08 37.4 0.37 0.22 41.5
1992 0.34 0.24 413 0.45 0.25 413
1993 0.03 0.01 33.0 0.39 0.19 40.2
1994 0.00 0.00 - 0.53 0.21 34.9
1995 0.08 0.05 36.6 2.17 0.46 28.7
1996 0.02 <0.01 21.0 0.05 0.02 40.0
1997 0.04 0.01 31.5 1.20 0.36 36.0
1998 0.00 0.00 - 0.44 0.15 35.7
1999 0.01 <0.01 11.0 1.38 0.38 349
2000 0.95 0.11 24.4 1.28 0.43 344
2001 0.16 0.04 33.0 0.66 0.20 34.8
2002 0.11 0.03 32.5 2.40 0.79 37.1
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Table 27. Stratified mean number, weight (kg), length (cm), and individual weight (kg) per tow of witch flounder
in the ASMFC summer shrimp surveys in the Gulf of Maine (Strata set 1,3,6,8), 1984 - 2002.

Number Weight Length Individual Weight per
Year per tow per tow per tow tow
1984 4.68 1.60 33.9 0.341
1985 6.19 2.52 36.2 0.408
1986 2.05 0.74 35.9 0.362
1987 4.87 1.50 26.5 0.307
1988 2.53 0.60 25.8 0.238
1989 2.92 0.31 22.8 0.105
1990 6.66 1.02 24.5 0.154
1991 14.94 1.20 19.6 0.080
1992 24.28 1.91 20.5 0.079
1993 21.42 0.50 12.8 0.023
1994 36.36 2.20 19.1 0.061
1995 17.95 1.48 22.6 0.082
1996 15.45 1.95 25.2 0.126
1997 23.20 1.42 19.1 0.061
1998 7.35 0.52 21.9 0.071
1999 110.07 5.93 18.7 0.054
2000 3243 3.09 242 0.095
2001 41.52 5.57 27.2 0.134

2002 45.25 7.05 28.8 0.156
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Table 28. Number of witch flounder caught, aged, percent of fish sampled, and the maximum age observed in the
NEFSC spring and autumn bottom trawl surveys (strata 22-30, 36-40), 1980 - 2002.

Spring Autumn
Year Caught Aged % Sampled Max. Age Caught Aged % Sampled Max. Age
1980 593 361 60.9 24 189 146 77.2 24
1981 557 209 37.5 23 202 143 70.8 22
1982 245 69 28.2 18 64 53 82.8 24
1983 410 176 42.9 20 359 154 429 22
1984 171 145 84.8 26 293 204 69.6 21
1985 269 151 56.1 25 340 232 68.2 30
1986 119 118 99.2 22 258 218 84.5 22
1987 108 108 100.0 24 30 27 90.0 24
1988 74 67 90.5 12 93 82 88.2 20
1989 100 91 91.0 18 59 55 93.2 21
1990 33 27 81.8 16 131 118 90.1 18
1991 93 87 93.5 15 187 107 57.2 11
1992 86 75 87.2 17 79 67 84.8 18
1993 88 81 92.0 19 414 166 40.1 16
1994 196 127 64.8 16 174 102 58.6 21
1995 142 106 74.6 19 352 174 49.4 14
1996 84 72 85.7 13 295 169 57.3 11
1997 129 79 61.2 12 368 243 66.0 12
1998 367 281 76.6 13 359 217 60.4 13
1999 187 138 73.8 10 556 244 43.9 10
2000 231 141 61.0 10 411 224 54.5 12
2001 315 197 62.5 10 475 234 49.3 10

2002 568 289 50.9 21 339 201 59.3 12
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Table 29. Stratified mean number per tow at age of witch flounder in NEFSC bottom trawl spring and autumn surveys (Strata 22-30, 36-40),
1980-2002, preliminary spring 2003.

Age
SPRING 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14+ Total
1980 0.00 0.06 0.23 0.95 1.52 0.72 1.20 1.02 0.38 0.40 0.31 0.30 0.12 0.16 1.10 8.46
1981 0.00 0.00 0.05 0.82 0.93 2.00 1.02 0.76 0.67 0.42 0.13 0.20 0.24 0.22 0.99 8.40
1982 0.00 0.04 0.04 0.61 0.48 0.38 0.24 0.61 0.36 0.09 0.26 0.17 0.03 0.03 0.29 3.64
1983 0.00 0.00 0.07 0.53 1.26 1.29 0.54 0.72 0.63 0.48 0.21 0.17 0.08 0.05 0.38 6.41
1984 0.00 0.00 0.10 0.01 0.31 0.78 0.40 0.31 0.20 0.20 0.11 0.17 0.12 0.02 0.27 3.00
1985 0.00 0.00 0.00 0.02 0.46 1.06 1.20 0.91 0.41 0.15 0.15 0.04 0.07 0.03 0.69 5.18
1986 0.00 0.00 0.00 0.00 0.04 0.24 0.53 0.41 0.17 0.19 0.08 0.04 0.06 0.05 0.25 2.07
1987 0.00 0.00 0.00 0.00 0.06 0.11 0.13 0.26 0.19 0.01 0.06 0.02 0.00 0.00 0.16 1.01
1988 0.00 0.02 0.02 0.06 0.00 0.07 0.30 0.38 0.24 0.14 0.09 0.08 0.03 0.00 0.00 1.43
1989 0.00 0.02 0.01 0.04 1.00 0.11 0.07 0.08 0.33 0.08 0.02 0.06 0.06 0.02 0.06 1.95
1990 0.00 0.01 0.00 0.04 0.09 0.32 0.00 0.04 0.01 0.05 0.02 0.01 0.01 0.00 0.03 0.63
1991 0.00 0.04 0.00 0.78 0.11 0.09 0.21 0.03 0.10 0.08 0.14 0.02 0.02 0.00 0.06 1.68
1992 0.00 0.05 0.01 0.19 0.37 0.09 0.11 0.15 0.04 0.15 0.02 0.02 0.05 0.00 0.02 1.26
1993 0.00 0.15 0.11 0.14 0.47 0.32 0.06 0.09 0.00 0.02 0.02 0.00 0.07 0.00 0.04 1.47
1994 0.00 0.11 0.70 0.54 0.64 0.81 0.16 0.03 0.03 0.07 0.01 0.00 0.00 0.02 0.02 3.13
1995 0.00 0.04 0.12 0.58 0.32 0.18 0.31 0.12 0.11 0.04 0.00 0.04 0.03 0.00 0.00 1.88
1996 0.00 0.02 0.04 0.24 0.39 0.35 0.22 0.07 0.00 0.00 0.00 0.03 0.00 0.00 0.00 1.36
1997 0.00 0.07 0.07 0.15 0.69 0.62 0.44 0.08 0.08 0.01 0.00 0.00 0.00 0.00 0.00 2.22
1998 0.00 0.11 1.08 0.71 0.39 0.80 0.71 0.21 0.15 0.08 0.00 0.00 0.00 0.03 0.00 4.27
1999 0.00 0.11 0.38 0.97 0.80 0.48 0.16 0.18 0.03 0.01 0.02 0.00 0.00 0.00 0.00 3.15
2000 0.00 0.01 0.25 1.19 0.69 0.66 0.24 0.25 0.12 0.00 0.04 0.00 0.00 0.00 0.00 3.45
2001 0.00 0.11 0.10 0.71 1.48 1.02 0.40 0.29 0.16 0.11 0.03 0.00 0.00 0.00 0.00 441
2002 0.00 0.02 0.06 0.90 2.63 2.26 0.82 0.68 0.35 0.19 0.10 0.01 0.00 0.03 0.04 8.10

2003 0.00 0.00 0.00 0.16 0.78 1.57 1.08 0.81 0.43 0.23 0.05 0.07 0.00 0.02 0.01 5.20
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Table 29 continued. Stratified mean number per tow at age of witch flounder in NEFSC bottom trawl spring and autumn surveys (Strata 22-30, 36-40), 1980-2002.

Age
AUTUMN 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14+ Total
1980 0.04 0.00 0.02 0.00 0.20 0.26 0.28 0.36 0.17 0.15 0.27 0.04 0.16 0.12 0.57 2.62
1981 0.03 0.07 0.03 0.24 0.44 0.61 0.46 0.27 0.26 0.18 0.21 0.17 0.04 0.13 0.48 3.66
1982 0.02 0.00 0.00 0.06 0.01 0.03 0.08 0.24 0.13 0.01 0.03 0.03 0.01 0.04 0.30 0.99
1983 0.00 0.01 0.01 0.51 1.60 0.76 0.55 0.44 0.08 0.14 0.07 0.11 0.02 0.00 0.41 4.72
1984 0.00 0.00 0.00 0.09 0.94 0.99 0.60 0.53 0.31 0.15 0.13 0.07 0.04 0.13 0.38 4.37
1985 0.00 0.00 0.01 0.06 0.08 0.61 0.68 0.48 0.27 0.10 0.12 0.03 0.01 0.09 0.22 2.76
1986 0.01 0.00 0.00 0.00 0.05 0.27 0.35 0.31 0.16 0.11 0.01 0.01 0.02 0.05 0.24 1.59
1987 0.00 0.00 0.02 0.00 0.01 0.02 0.05 0.19 0.07 0.00 0.01 0.00 0.00 0.02 0.08 0.48
1988 0.00 0.01 0.00 0.72 0.05 0.01 0.04 0.21 0.05 0.05 0.05 0.08 0.01 0.04 0.05 1.38
1989 0.17 0.02 0.02 0.08 0.30 0.01 0.02 0.02 0.08 0.08 0.02 0.00 0.03 0.00 0.04 0.89
1990 0.48 0.09 0.14 0.38 0.51 0.22 0.02 0.02 0.02 0.03 0.00 0.00 0.01 0.05 0.03 2.00
1991 0.22 0.02 0.18 0.66 0.33 0.29 0.14 0.07 0.06 0.03 0.05 0.03 0.00 0.00 0.00 2.08
1992 0.10 0.03 0.11 0.26 0.22 0.05 0.06 0.00 0.00 0.02 0.01 0.02 0.00 0.02 0.04 0.94
1993 2.54 0.67 0.15 0.54 0.78 0.22 0.06 0.02 0.08 0.00 0.02 0.04 0.00 0.01 0.01 5.15
1994 0.43 0.16 0.29 0.53 0.17 0.40 0.04 0.11 0.00 0.04 0.01 0.00 0.01 0.00 0.04 2.21
1995 0.51 0.20 0.76 1.62 0.86 0.47 0.23 0.00 0.00 0.01 0.05 0.00 0.00 0.00 0.01 4.74
1996 0.23 0.09 0.26 0.79 1.99 1.39 0.44 0.07 0.06 0.04 0.00 0.03 0.00 0.00 0.00 5.38
1997 0.89 0.34 0.98 0.52 0.87 0.77 0.38 0.33 0.00 0.00 0.00 0.00 0.02 0.00 0.00 5.10
1998 0.64 0.08 0.52 1.36 0.47 0.30 0.17 0.11 0.04 0.01 0.00 0.00 0.00 0.00 0.00 3.70
1999 0.32 0.52 1.18 1.51 1.04 0.60 0.36 0.28 0.05 0.04 0.01 0.00 0.00 0.00 0.00 591
2000 0.94 0.10 0.72 1.41 1.75 0.67 0.59 0.23 0.15 0.05 0.00 0.00 0.03 0.00 0.00 6.63
2001 0.00 0.04 0.21 0.95 3.16 1.89 0.81 0.61 0.16 0.06 0.06 0.00 0.00 0.00 0.00 7.94

2002 0.00 0.00 0.27 0.43 1.48 1.00 0.53 0.33 0.15 0.07 0.00 0.05 0.01 0.00 0.00 431
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Table 30. Witch flounder mean length (cm) at age in spring and autumn NEFSC bottom trawl surveys (Strata 22-30, 36-40), 1980-2002, preliminary 2003.

Age
SPRING 1 2 3 4 5 6 7 8 9 10 11 12 13 14 +
1980 9.7 16.4 20.6 26.2 30.6 34.8 38.6 40.6 45.0 48.6 49.2 493 52.5 55.2
1981 - 13.4 20.2 28.5 324 354 39.7 44.4 49.4 524 49.9 54.5 54.1 57.6
1982 7.9 15.0 20.7 27.2 32.8 36.1 41.0 441 48.2 50.7 51.3 58.0 53.0 58.1
1983 - 17.9 20.9 26.5 31.2 355 40.2 43.7 47.4 52.5 54.9 50.0 55.6 56.1
1984 - 17.4 19.0 29.4 32.6 37.5 42.2 43.0 46.0 513 50.6 54.2 543 57.4
1985 - - 19.5 28.8 335 36.6 41.2 44.4 46.9 49.3 49.3 48.5 55.0 56.3
1986 - - - 273 35.0 38.5 41.7 45.8 49.1 51.8 52.3 54.2 56.1 57.9
1987 - - - 28.0 344 40.9 40.8 44.1 46.0 51.5 48.0 - - 56.7
1988 9.0 15.0 19.5 - 33.1 39.2 43.0 46.0 50.2 54.2 51.2 58.3 - -
1989 7.0 15.0 20.6 28.5 33.0 39.8 44.0 44.9 50.5 50.2 53.1 58.3 47.0 60.7
1990 9.0 - 19.8 28.3 324 - 40.9 49.0 49.8 51.5 52.0 53.0 - 54.9
1991 7.5 - 20.4 274 353 37.2 43.1 48.2 48.2 52.7 53.0 54.0 - 524
1992 8.5 11.0 21.7 29.3 35.0 384 42.5 45.7 49.3 46.0 51.0 57.3 - 56.0
1993 7.9 17.9 23.5 30.0 34.5 38.1 40.5 - 50.0 50.0 - 50.3 - 60.1
1994 10.8 17.9 21.5 29.4 33.7 38.1 41.2 46.0 48.2 48.0 - - 57.0 57.0
1995 9.7 17.3 224 27.1 343 37.2 43.7 45.7 50.3 - 54.0 58.7 - -
1996 9.4 19.6 223 28.1 325 37.1 40.6 0.0 - - 56.3 - - -
1997 10.8 15.9 222 29.5 314 36.3 423 43.9 48.0 - - - - -
1998 11.0 20.3 24.6 29.9 333 35.7 39.1 42.6 45.2 - - - 51.7 -
1999 10.0 19.5 25.0 28.5 34.0 37.2 40.6 45.5 44.0 50.0 - - - -
2000 9.0 18.1 20.9 273 31.2 36.5 38.5 41.1 - 50.3 - - - -
2001 7.4 15.9 23.5 27.0 324 36.0 38.2 40.8 41.5 453 - - - -
2002 11.0 18.0 20.2 29.0 322 34.7 37.8 42.1 443 45.1 42.0 - 453 54.8
2003 - - 224 27.7 31.9 34.9 38.1 40.8 42.7 43.6 45.4 - 47.5 49.5
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Table 30 continued. Witch flounder mean length (cm) at age in spring and autumn NEFSC bottom trawl surveys (Strata 22-30, 36-40), 1980-2002.

Age
AUTUMN 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14 +
1980 5.5 - 19.5 - 27.3 32.0 34.9 39.1 433 47.7 48.8 50.1 51.6 53.7 56.7
1981 5.5 12.6 17.4 233 30.6 33.1 38.3 414 44.8 47.0 51.4 53.6 52.7 55.0 56.4
1982 5.0 0.0 0.0 22.0 28.5 29.2 36.4 41.9 42.8 473 50.2 49.1 51.0 52.0 56.8
1983 0.0 14.0 19.0 24.7 30.1 34.7 39.2 42.2 45.0 48.5 52.0 50.9 51.0 0.0 58.8
1984 0.0 0.0 0.0 25.1 30.7 342 38.2 42.8 45.2 46.6 50.2 51.3 54.8 53.5 58.6
1985 0.0 0.0 20.0 26.0 29.7 34.6 38.8 42.7 46.8 49.1 50.8 53.3 55.0 53.1 58.7
1986 6.0 0.0 0.0 0.0 29.7 35.5 38.2 42.4 454 49.4 51.0 51.3 49.0 53.9 57.7
1987 0.0 0.0 16.0 0.0 28.0 36.0 39.1 41.6 43.8 0.0 49.0 0.0 0.0 55.0 60.9
1988 0.0 10.0 0.0 25.4 31.5 38.0 42.0 42.9 45.6 48.6 50.0 54.3 56.0 55.1 56.8
1989 5.7 15.0 18.5 24.1 31.1 36.0 44.0 45.0 46.7 49.9 52.0 0.0 54.8 0.0 64.2
1990 6.2 16.3 17.6 26.7 29.8 36.2 40.0 43.0 47.0 50.9 0.0 0.0 58.0 51.2 58.9
1991 5.7 14.9 20.8 26.3 30.5 36.8 41.9 46.4 47.6 46.6 53.5 55.0 0.0 0.0 0.0
1992 59 15.8 23.1 27.7 32.1 37.7 37.9 0.0 0.0 46.0 50.0 47.0 0.0 49.0 56.5
1993 5.6 14.2 222 28.8 322 36.4 423 43.6 46.2 0.0 55.0 51.0 0.0 63.0 57.0
1994 5.7 16.0 20.9 23.5 32.7 36.6 43.5 44.0 0.0 54.2 50.0 0.0 51.0 0.0 57.2
1995 6.6 16.7 22.0 26.5 29.9 35.5 39.2 0.0 0.0 54.0 50.6 0.0 0.0 0.0 56.0
1996 5.5 14.2 18.7 25.0 29.6 33.8 39.6 42.1 47.4 50.5 0.0 53.0 0.0 0.0 0.0
1997 6.3 16.3 19.8 25.8 30.6 35.1 38.0 42.0 0.0 0.0 0.0 0.0 47.1 0.0 0.0
1998 59 15.7 22.0 25.7 30.7 35.0 39.3 41.9 44.9 43.0 0.0 0.0 0.0 0.0 0.0
1999 5.5 15.6 20.4 26.1 30.2 34.6 38.2 41.6 41.6 45.1 45.0 0.0 0.0 0.0 0.0
2000 6.1 15.6 22.6 26.3 31.0 334 38.0 423 44.1 46.3 0.0 0.0 51.0 0.0 0.0
2001 0.0 14.6 18.9 28.0 30.6 33.1 36.7 39.9 41.9 41.0 46.4 0.0 0.0 0.0 0.0

2002 0.0 0.0 22.7 26.0 313 343 37.2 41.7 41.9 44.6 0.0 50.5 51.0 0.0 0.0
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Table 31. Mean weight (kg) at age of witch flounder from the Gulf of Maine-Georges Bank region, derived from NEFSC spring and autumn bottom trawl survey,
(strata 22-30, 36-40), 1982 - 2002, and preliminary spring 2003.

Age
SPRING 0 1 2 3 4 5 6 7 8 9 10 11 12 13 14+ 14+

1982 0.0000 0.0018 0.0155 0.0479 0.1220 0.2350 0.3174 0.4939 0.6395 0.8643 1.0226 1.0519 1.5952 1.1711 1.6152
1983 0.0000 0.0000 0.0291 0.0494 0.1069 0.1861 0.2878 0.4433 0.5885 0.7790 1.0889 1.2747 0.9215 1.3281 1.4180
1984 0.0000 0.0000 0.0261 0.0342 0.1540 0.2234 0.3539 0.5318 0.5647 0.7143 1.0398 0.9979 1.2606 1.2534 1.5434
1985 0.0000 0.0000 0.0000 0.0368 0.1424 0.2349 0.3247 0.4841 0.6268 0.7516 0.8984 0.8858 0.8318 1.2805 1.4087
1986 0.0000 0.0000 0.0000 0.0000 0.1115 0.2604 0.3592 0.4737 0.6481 0.8299 0.9880 1.0206 1.1601 1.3053 1.4627
1987 0.0000 0.0000 0.0000 0.0000 0.1278 0.2542 0.4637 0.4615 0.6012 0.6891 1.0154 0.7974 0.0000 0.0000 1.4347
1988 0.0000 0.0025 0.0142 0.0364 0.0000 0.2177 0.3875 0.5340 0.6686 0.8996 1.1689 0.9765 1.5001 0.0000 0.0000
1989 0.0000 0.0010 0.0139 0.0408 0.1255 0.2039 0.3869 0.5537 0.5946 0.8807 0.8600 1.0413 1.4373 0.6851 1.6452
1990 0.0000 0.0026 0.0000 0.0392 0.1328 0.2150 0.0000 0.4708 0.8717 0.9235 1.0370 1.0687 1.1408 0.0000 1.2886
1991 0.0000 0.0014 0.0000 0.0429 0.1244 0.2784 0.3348 0.5487 0.8060 0.8278 1.0986 1.1110 1.1845 0.0000 1.0707
1992 0.0000 0.0024 0.0050 0.0519 0.1449 0.2641 0.3635 0.5224 0.6620 0.8765 0.6694 0.9535 1.4308 0.0000 1.3139
1993 0.0000 0.0016 0.0256 0.0661 0.1507 0.2395 0.3347 0.4116 0.0000 0.8459 0.8459 0.0000 0.8667 0.0000 1.6168
1994 0.0000 0.0051 0.0274 0.0524 0.1481 0.2352 0.3566 0.4681 0.6750 0.7940 0.7810 0.0000 0.0000 1.4078 1.4078
1995 0.0000 0.0032 0.0233 0.0572 0.1089 0.2378 0.3138 0.5452 0.6325 0.8816 0.0000 1.1302 1.5043 0.0000 0.0000
1996 0.0000 0.0037 0.0351 0.0563 0.1252 0.2024 0.3170 0.4300 0.0000 0.0000 0.0000 1.3229 0.0000 0.0000 0.0000
1997 0.0000 0.0046 0.0183 0.0532 0.1400 0.1733 0.2840 0.4763 0.5430 0.7288 0.0000 0.0000 0.0000 0.0000 0.0000
1998 0.0000 0.0053 0.0403 0.0777 0.1507 0.2179 0.2770 0.3836 0.5071 0.6355 0.0000 0.0000 0.0000 0.9754 0.0000
1999 0.0000 0.0040 0.0347 0.0816 0.1278 0.2311 0.3126 0.4251 0.6275 0.5562 0.8621 0.0000 0.0000 0.0000 0.0000
2000 0.0000 0.0025 0.0284 0.0464 0.1155 0.1806 0.3075 0.3789 0.4746 0.0000 0.9379 0.0000 0.0000 0.0000 0.0000
2001 0.0000 0.0015 0.0199 0.0654 0.1052 0.1957 0.2810 0.3412 0.4287 0.4549 0.6114 0.0000 0.0000 0.0000 0.0000

2002 0.0000 0.0046 0.0255 0.0388 0.1307 0.1867 0.2401 0.3232 0.4634 0.5493 0.5910 0.4552 0.0000 0.5938 1.1331

2003  0.0000  0.0000  0.0000 0.0588  0.1141 0.1833  0.2461 0.3324  0.4183  0.4860  0.5191 0.5881 0.0000 0.6712  0.7743
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Table 31 continued. Mean weight (kg) at age of witch flounder from the Gulf of Maine-Georges Bank region , derived from NEFSC spring and autumn bottom
trawl survey, (strata 22-30, 36-40), 1982 - 2002.

AGE
AUTUMN 0 1 2 3 4 5 6 7 8 9 10 11 12 1314+
1982 0.0004  0.0000  0.0000 0.0604 0.1486  0.1591 0.3462  0.5470  0.5905  0.8193 1.0054  0.9316 1.0589 1.1331 1.5423
1983 0.0000 0.0123 0.0350  0.0883  0.1728  0.2794  0.4271 0.5435  0.6757  0.8757 1.1119 1.0501 1.0340  0.0000 1.7009
1984 0.0000  0.0000  0.0000  0.0905 0.1817 0.2639 03836 0.5656  0.6852  0.7623 0.9759 1.0446 1.3091 1.2035 1.6588
1985 0.0000  0.0000  0.0391 0.0969  0.1536  0.2592  0.3875  0.5341 0.7256  0.8551 0.9579 1.1245 1.2535 1.1205 1.5848
1986 0.0007  0.0000  0.0000  0.0000 0.1614 03015 03832 0.5534 0.6969  0.9241 1.0232 1.0493  0.8921 1.2559 1.5656
1987 0.0000  0.0000  0.0195  0.0000 0.1327  0.3141 0.4168  0.5181 0.6258  0.0000  0.9040  0.0000  0.0000 1.3432 1.9129
1988 0.0000  0.0036  0.0000  0.0900 0.1876  0.3540  0.5152  0.5472  0.6645  0.8253 0.9117 1.2061 1.3376 1.2693 1.4267
1989 0.0007  0.0155  0.0326  0.0791 0.1893 0.3111 0.6190  0.6686  0.7652  0.9710 1.0973  0.0000 1.3101 0.0000  2.2664
1990 0.0008 0.0210 0.0275  0.1135 0.1642 03173  0.4439 0.5688  0.7716 1.0181 0.0000  0.0000 1.5867 1.0437 1.7592
1991 0.0006 0.0155  0.0502  0.1083  0.1791 0.3388  0.5257  0.7467  0.8148  0.7657 1.2266 1.3420  0.0000  0.0000  0.0000
1992 0.0006  0.0181 0.0651 0.1236  0.2044  0.3524 03850  0.0000  0.0000  0.6915 09203  0.7444  0.0000  0.8587 1.3961
1993 0.0006  0.0133 0.0591 0.1416 ~ 0.2104 03147 0.5233  0.5872  0.7075  0.0000 1.2822  0.9898  0.0000  2.0425 1.4493
1994 0.0006  0.0187  0.0459  0.0707  0.2116 03133  0.5605  0.5893  0.0000 1.1912  0.9017  0.0000  0.9650  0.0000 1.4443
1995 0.0008  0.0207  0.0533  0.1000  0.1503 0.2703  0.3794  0.0000  0.0000 1.1259  0.9099  0.0000  0.0000  0.0000 1.2754
1996 0.0005 0.0124  0.0315  0.0828  0.1488  0.2328  0.4005 0.4964  0.7359  0.9408  0.0000 1.0769  0.0000  0.0000  0.0000
1997 0.0008 0.0195  0.0402  0.0950 0.1704  0.2700  0.3529  0.5031 0.0000  0.0000  0.0000  0.0000 0.7415  0.0000  0.0000
1998 0.0006  0.0185  0.0552  0.0928  0.1695  0.2669 03936  0.4937  0.6344  0.5333 0.0000  0.0000  0.0000  0.0000  0.0000
1999 0.0005 0.0176  0.0452  0.1021 0.1671 0.2672  0.3707  0.4932  0.4978  0.6581 0.6407  0.0000  0.0000  0.0000  0.0000
2000 0.0007  0.0163 0.0591 0.0993  0.1743 0.2248  0.3510 0.5116  0.5813  0.6765  0.0000  0.0000 09435  0.0000  0.0000
2001 0.0000  0.0131 0.0347  0.1227  0.1673 0.2179 03122 0.4124  0.4878  0.4468  0.6933  0.0000  0.0000  0.0000  0.0000
2002 0.0000  0.0000  0.0587  0.0959  0.1831 0.2442  0.3225 0.4775 0.4920 0.5955  0.0000  0.9261 0.9391 0.0000  0.0000
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Table 32. Proportion mature at age for female witch flounder derived from logistic regression analysis using a 5-year moving average of NEFSC spring bottom

trawl surveys, 1980 - 2003.

1982

1983

1984

1985

Age 1986 1987 1988 1989 1990 1991 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001

1 0.00 0.00 0.00 000 0.00 0.01 0.04 0.01 0.01 0.01 0.01 0.00 0.00 0.00 000 000 000 0.00 0.01 0.01

2 0.00 0.00 0.00 000 000 0.03 0.13 0.03 0.03 0.03 0.02  0.01 0.01 0.01 0.00 0.00 0.01 0.01 0.02  0.03

3 0.01 0.01 0.02  0.01 0.02 0.12 032 012 0.08 0.07 0.06 004 004 0.03 0.02  0.01 0.04 0.05 006 0.07

4 0.04 0.06 0.07 0.05 0.09 037 060 036 022 0.18 0.18 0.14 0.13 0.13 0.13 0.07 0.14 0.15 0.15 0.16

5 0.14 020 024 024 037 071 0.83 070 047 039 042 035 034 042 045 0.37 039 037 033 0.35

6 0.40 0.51 0.59 0.68 076 091 094 0091 0.74 0.64 0.70 0.65 0.64 0.78 0.82 0.81 0.71 0.67 0.59 0.59

7 0.73 0.82 0.86 0093 0.95 0.98 0.98 098 090 084 088 08 0.86 0.95 096 097 0091 0.87 0.81 0.79

8 092 095 097 099 099 099 099 099 097 094 096 095 095 099 0.99 1.00 097 096 0093 0.91

9 098 099 0.99 1.00 1.00 1.00 1.00 1.00 099 098 099 099 0.99 1.00 1.00 1.00 099 099 097 097

10 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 0.99 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 099 0.99

11+ 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00 1.00
Number of fish

mature 108 153 204 203 186 177 145 111 104 89 80 85 76 81 132 123 127 148 186 191

immature 98 112 115 102 47 24 11 37 60 88 107 139 139 139 190 198 205 247 301 248

total 206 265 319 305 233 201 156 148 164 177 187 224 215 220 322 321 332 395 487 439

Long-term (non-averaged) proportion mature at age for female witch flounder from NEFSC spring bottom trawl surveys, 1980-2003.

Age

1980- 2003

0 N O\ L W=

—
(= Ne]

11+

0.00
0.00
0.01
0.04
0.14
0.40
0.73
0.92
0.98
0.99
1.00
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Table 33. Stratified mean weight (kg) per tow of mature witch flounder (spawning stock biomass) in the
NEFSC spring bottom trawl survey in Gulf of Maine-Georges Bank region (strata 22-30, 36-40),

1968-2002.
Mature weight (kg)
Year per tow
1968 2.930
1969 2.300
1970 4.073
1971 1.907
1972 3.772
1973 5.868
1974 3.289
1975 2.499
1976 3.248
1977 1.522
1978 2.278
1979 1.480
1980 2.964
1981 3.104
1982 1.519
1983 2.166
1984 1.383
1985 2.607
1986 1.329
1987 0.638
1988 0.836
1989 0.637
1990 0.200
1991 0.455
1992 0.356
1993 0.186
1994 0.323
1995 0.377
1996 0.174
1997 0.249
1998 0.498
1999 0.251
2000 0.228
2001 0.331
2002 0.782
2003 0.751

Note: 1977-1982, 1983-1984, 1985-1990, 1991-1993, 1994-1999, 2000-2002 ogives were used;
No maturity at length data before 1977; the 1977-1982 period was applied to the 1963-1976 period.
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Table 34. Estimates of instantaneous total mortality (Z) for witch flounder in the Gulf of Maine-Georges Bank region,
1980-2002, derived from NEFSC spring and autumn bottom trawl survey data.

YEAR 3+ 4+ 5+ 6+ 7+ 8+
Spring Geometric
1980 8.18 7.23 5.71 4.99 3.79 2.77 Times period Spring  Autumn mean
1981 8.31 7.49 6.56 4.56 3.54 2.78
1982 3.56 2.95 2.46 2.09 1.85 1.24 1982-1985 0.48 0.23 0.34
1983 6.34 5.80 4.54 3.25 2.71 1.99 1986-1989 0.77 0.65 0.71
1984 2.90 2.89 2.58 1.80 1.40 1.09 1990-1993 0.59 0.61 0.60
1985 5.18 5.17 4.71 3.65 2.45 1.54 1994-1997 0.53 0.36 0.44
1986 2.07 2.07 2.03 1.79 1.26 0.85 1998-2001 0.52 0.60 0.56
1987 1.01 1.01 0.95 0.83 0.70 0.44
1988 1.39 1.33 1.33 1.25 0.95 0.57
1989 1.91 1.87 0.87 0.76 0.69 0.61
1990 0.62 0.58 0.49 0.17 0.17 0.13
1991 1.64 0.86 0.75 0.67 0.46 0.42
1992 1.20 1.01 0.64 0.55 0.44 0.29
1993 1.21 1.07 0.60 0.28 0.22 0.14
1994 2.32 1.78 1.14 0.33 0.17 0.14
1995 1.72 1.14 0.83 0.65 0.33 0.22
1996 1.31 1.06 0.67 0.32 0.10 0.03
1997 2.08 1.93 1.24 0.62 0.18 0.10
1998 3.08 2.37 1.98 1.19 0.47 0.26
1999 2.67 1.69 0.90 0.41 0.25 0.07
2000 3.19 2.00 1.30 0.64 0.40 0.15
2001 4.21 3.49 2.02 1.00 0.60 0.30
2002 8.02 7.12 4.49 223 1.41 0.73
Autumn
1980 2.58 2.58 2.38 2.12 1.84 1.48
1981 3.49 3.25 2.81 2.20 1.74 1.47
1982 0.97 0.91 0.90 0.87 0.80 0.56
1983 4.70 4.19 2.60 1.84 1.29 0.85
1984 4.37 4.28 3.34 2.34 1.74 1.21
1985 2.75 2.70 2.62 2.01 1.33 0.84
1986 1.58 1.58 1.53 1.26 0.91 0.60
1987 0.46 0.46 0.45 0.43 0.38 0.19
1988 1.37 0.64 0.59 0.58 0.54 0.33
1989 0.68 0.60 0.30 0.29 0.27 0.25
1990 1.30 0.92 0.41 0.19 0.17 0.15
1991 1.66 1.00 0.67 0.38 0.24 0.17
1992 0.70 0.45 0.22 0.17 0.11 0.11
1993 1.79 1.24 0.47 0.25 0.19 0.17
1994 1.33 0.80 0.64 0.24 0.21 0.10
1995 3.26 1.63 0.78 0.30 0.07 0.07
1996 4.80 4.02 2.03 0.64 0.20 0.14
1997 2.89 2.37 1.50 0.73 0.35 0.02
1998 2.46 1.10 0.63 0.33 0.17 0.05
1999 3.89 2.38 1.34 0.74 0.37 0.10
2000 4.87 3.47 1.72 1.05 0.46 0.23
2001 7.69 6.74 3.58 1.70 0.88 0.27
2002 4.04 3.61 2.13 1.13 0.60 0.27
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Table 35. Parameter estimates (with associated statistics) and estimates of terminal F from alternative ADAPT VPA formulations; stock sizes in ‘000s.

Run 61-f Run 61-f Run 100 Run 200 Run 201 Run 300 Run 301-f Run 301f-spr | Run 301f-aut
Software FACT 1.5 NFTv2011 NFTv2011 NFTv2011 NFTv2011 NFTv2011 NFTv2011 NFTv2011 NFTv2011
CAA 1982-2001 1982-2001 1982-2002 1982-2002 1982-2002 1982-2002 1982-2002 1982-2002 1982-2002
1-11+ 1-11+ 1-11+ 1-11+ 1-11+ I-11+ 3-11+ 3-11+ 3-11+

Est.Ages 4-10 4-10 4-10 4-10 3-10 3-10 3-10 3-10 3-10
NMES-s 3-11+ 3-11+ 3-11+ 3-11+ 3-11+ 3-11+ 3-11+ 3-11+ -
NMES-a 3-11+ 3-11+ 3-11+ 3-11+ 3-11+ 3-11+ 3-11+ - 3-11+
Notes: GARM Re-Run of LM discards | LM discards LM discards LM discards LM discards LM discards | LM discards

VPA GARM (sf method) (sf & FOP) (sf & FOP) (sf & FOP) (sf and FOP) (sfand FOP) | (sfand FOP)

VPA

M.S.R. 673 7289 7469 7485 7459 792 91 .603 1.00
N3 (ev) 19.621 (.63) 19.703 (.64) 19.759 (.64) 11.429 (.79) 34,449 (1.03)
N4 (cv) 5.76e4 (.45) 57321 (44) 125,111 (.44) 24,755 (44) 25291 (44) 25.373 (45) 25441 (45) 36,289 (.56) 17.944 ((73)
NS (ev) 6.08e4 (.38) 60,440 (.36) |1 41.902 (.37) 41.897 (.37) 42,456 (.37) 42,628 (.37) 42,739 (37) 94.857 (.46) 40,928 (.60)
N6 (ev) 2.91e4 (.34) 28936 (.33) |140.091 (.33) 41.003 (.32) 41.370 (.32) 41,550 (.33) 41,657 (.33) 36,267 (41) 48.035 (.52)
N7 (ev) 1.67e4 (.32) 16,563 (31) | 19.965 (.31) 20,937 (.30) 21,063 (.30) 21.145 (31) 21.203 (31) 16.900 (.38) 26,672 (48)
N8 (cv) 4.73e3 (37) 3.844 (.35) || 11.861 (.29) 12,420 (.28) 12,261 (.28) 10,122 (.32) 10,370 (.32) 8.067 (.41) 13.403 (.49)
N9 (ev) 1.56e3 (.44) 1,744 (42) || 2.547 (.38) 2,511 (.38) 2.283 (.40) 3.842 (.34) 3.903 (.33) 3.323 (.43) 4742 ((51)
N10 (cv) 1.06e3 (.44) 1.197 (42) || 1.017 (.43) 972 (.44) 809 (47) 754 (A7) 791 (.45) 795 (.57) 787 (72)
Age3in T+1 | 22,643 23.362 6.268 8.026 19.620 19.707 19.760 11,429 34.449
F1 0.00 0.0004 0.0000 0.0003 0.0004 0.0003 - - -
E2 0.00 0.0026 0.0020 0.0002 0.0008 0.008 - - -
E3 0.00 0.0026 0.0017 0.0015 0.0015 0.0015 0.0015 0.0010 0.0021
F4 0.02 0.0205 0.0347 0.0164 0.0162 0.0162 0.0161 0.0154 0.0168
ES 0.07 0.0725 0.0513 0.0273 0.0270 0.0269 0.0268 0.0308 0.0233
F6 0.07 0.0725 0.0688 0.0603 0.0599 0.0597 0.0595 0.0741 0.0476
E7 0.28 0.3375 0.1575 0.1474 0.1492 0.1780 0.1741 0.2186 0.1373
F8 0.62 0.5716 0.3795 0.3857 0.4169 0.2685 0.2648 0.3045 0.2229
Fo 044 03985 04527 04706 05435 05734 05526 05508 05550
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Run 61-f Run 61-f Run 100 Run 200 Run 201 Run 300 Run 301-f Run 301f-spr_| Run 301f-aut
F10 0.45 0.4358 0.3299 0.3346 0.3699 0.3339 0.4087 0.4277 0.03890
Fll+ 0.45 0.4358 0.3299 0.3346 0.3699 0.3339 0.4087 0.4277 0.3890
Ave F 79 0.45 0.4358 0.3299 0.3346 0.3699 - - - -
Ave F 8-9 0.3339 0.4087 0.4277 0.3890
SSB (‘000 mt) 11 368 11267 15331 16 548 16242 16212 18296 15798 21,569
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Table 36.  Estimates of beginning year stock size (thousands of fish), instantaneous fishing mortality and spawning stock
biomass (mt) for witch flounder estimated from virtual population analysis, 1982-2002.

Stock Numbers (Jan 1) in thousands

Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991 1992
3 15404 17700 16340 7650 5414 3001 9740 6214 6670 8831 14342

4 12174 13082 14922 13928 6470 4639 2562 7827 4934 5422 7192

5 9563 9493 10014 11486 10899 5220 3825 2076 6333 3660 4291

6 7830 7114 6765 6768 7929 7978 4060 3047 1726 4431 2353

7 4289 5375 4668 4216 4039 4267 5683 2886 2332 1249 3281

8 2752 3077 3160 2647 2224 2034 2222 3615 1783 1754 857

9 2102 1763 1746 1344 1132 1146 949 853 2297 1100 1283
10 1101 1440 839 862 599 594 544 448 413 1668 677
11+ 7260 4728 3844 2926 2039 1151 1218 1263 900 1371 2127
Total 62476 63772 62297 51828 40746 30029 30804 28229 27388 29487 36404
Age 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002 2003
3 9670 13610 12671 15878 20226 29659 42904 67651 58704 29603 19760

4 11974 7936 11675 10324 13554 17283 25221 36778 58131 50462 25441

5 5029 8635 5904 9706 8400 10686 14360 21220 31390 49716 42739

6 2900 3019 4887 4119 7237 6290 8213 11345 17842 26146 41658

7 1164 1649 1414 2627 2289 5033 4106 5717 8693 14340 21204

8 2162 453 660 438 949 1033 2846 2426 3417 5910 10370

9 552 1320 209 321 136 274 547 1743 1138 1599 3903
10 940 274 640 91 80 39 105 239 926 398 792
11+ 1318 782 373 180 112 179 181 536 667 655 603

Total 35708 37679 38434 43683 52982 70476 98483 147655 180909 178829 166470
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Table 36. continued.

Fishing Mortality
Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
3 0.013 0.021 0.010 0.018 0.005 0.008 0.069 0.081 0.057 0.055
4 0.099 0.117 0.112 0.095 0.065 0.043 0.061 0.062 0.149 0.084
5 0.146 0.189 0.242 0.221 0.162 0.101 0.077 0.034 0.207 0.292
6 0.226 0.271 0.323 0.366 0.470 0.189 0.191 0.118 0.173 0.150
7 0.182 0.381 0.417 0.490 0.536 0.503 0.303 0.332 0.135 0.227
8 0.295 0.416 0.705 0.700 0.514 0.612 0.807 0.304 0.333 0.162
9 0.228 0.593 0.556 0.657 0.495 0.595 0.602 0.577 0.170 0.335
10 0.266 0.477 0.650 0.685 0.507 0.606 0.741 0.350 0.238 0.226
11+ 0.266 0.477 0.650 0.685 0.507 0.606 0.741 0.350 0.238 0.226
Age 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
3 0.030 0.048 0.003 0.055 0.008 0.007 0.012 0.004 0.002 0.001 0.002
4 0.208 0.177 0.146 0.035 0.056 0.088 0.035 0.023 0.008 0.006 0.016
5 0.242 0.360 0.419 0.210 0.144 0.139 0.113 0.086 0.023 0.033 0.027
6 0.554 0.414 0.609 0.471 0.438 0.213 0.276 0.212 0.116 0.069 0.060
7 0.267 0.793 0.766 1.023 0.868 0.646 0.420 0.376 0.365 0.236 0.174
8 0.291 0.343 0.623 0.571 1.021 1.093 0.486 0.340 0.607 0.610 0.265
9 0.161 0.552 0.574 0.688 1.244 1.085 0.805 0.679 0.483 0.900 0.553
10 0.211 0.382 0.586 0.598 1.109 1.092 0.545 0.388 0.553 0.675 0.409
11+ 0.211 0.382 0.586 0.598 1.109 1.092 0.545 0.388 0.553 0.675 0.409
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Table 36 continued.

Spawning Stock Biomass ( mt)

Age 1982 1983 1984 1985 1986 1987 1988 1989 1990 1991
3 20 13 24 5 5 16 115 33 24 25
4 107 132 185 127 91 216 191 238 156 104
5 376 458 580 684 1019 880 745 360 587 336
6 1115 1241 1243 1584 1916 2471 1297 964 454 886
7 1543 1883 1715 1720 1636 1794 2494 1303 999 496
8 1634 1544 1559 1388 1218 1072 1148 2010 1003 1004
9 1632 1172 1088 878 780 757 628 559 1640 754
10 949 1207 628 665 487 479 422 367 358 1411
11+ 9521 5781 4505 3374 2414 1323 1392 1577 1227 1829
Total 16897 13431 11528 10425 9567 9008 8433 7410 6447 6844
Age 1992 1993 1994 1995 1996 1997 1998 1999 2000 2001 2002
3 50 21 23 11 12 9 56 85 158 186 102
4 145 229 154 155 113 97 251 453 618 975 1096
5 463 437 636 601 852 599 883 1114 1657 2384 3739
6 582 694 630 1200 1139 1740 1304 1671 2095 3192 4736
7 1369 424 585 542 1044 888 1782 1405 1800 2664 4443
8 500 1210 230 352 225 455 485 1343 1040 1361 2545
9 916 392 862 144 196 87 171 286 925 544 825
10 547 789 217 509 69 61 32 86 137 511 262
11+ 2490 1610 875 409 180 118 192 145 441 489 548
Total 7063 5806 4212 3922 3828 4053 5156 6587 8871 12305 18296



Table 37. Summary of witch flounder catch (mt), spawning stock biomass (mt), fully recruited fishing mortality,
recruitment (age 3, thousands of fish) and the year class.

Recruits

Age3 Year

Year Catch (mt) SSB (mt) Ave F 8-9 (‘000) class

1982 4954 16897 0.262 15.404 1979

1983 6159 13431 0.505 17.700 1980

1984 6759 11527 0.631 16.340 1981

1985 6192 10425 0.679 7.650 1982

1986 4636 9566 0.504 5414 1983

1987 3494 9008 0.604 3.001 1984

1988 3320 8432 0.704 9.740 1985

1989 2199 7411 0.440 6.214 1986

1990 1645 6448 0.252 6.670 1987

1991 1870 6845 0.249 8.831 1988

1992 2395 7062 0.226 14.342 1989

1993 2973 5806 0.447 9.670 1990

1994 3073 4212 0.598 13.610 1991

1995 2386 3923 0.629 12.671 1992

1996 2338 3830 1.132 15.878 1993

1997 2065 4054 1.089 20.226 1994

1998 2124 5156 0.645 29.659 1995

1999 2327 6588 0.510 42.904 1996

2000 2551 8871 0.545 67.651 1997

2001 3241 12306 0.755 58.704 1998

2002 3466 18296 0.409 29.603 1999

2003 19.760 2000
min 1645 3830 0.226 3.001
max 6759 18296 1.132 67.651
mean 3341 8576 0.563 19.613
geomean 14.448

median 14.342
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Table 38. Yield and Spawning Stock biomass per recruit results for witch flounder.

Recruit and Spawni ng Stock Bi omass per
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6.17333 9.86110 1.89110
5. 25697 7.88807 1.10782
6. 01053 9. 54415 1.75334
SPNSTKN SPNSTKW MSP MNAGE
3.97773 3.22009 100. 00000 7.88231 12
3. 36959 2.49680 77.53824 7.27308 11
2.93327 2.00314 62.20754 6.79993 10
2.61075 1. 65669 51.44853 6.43444 10
2. 36545 1.40670 43.68521 6. 15113 9
2.17388 1.22138 37.93009 5.92942 9
2. 02062 1. 08043 33.55283 5. 75361 9
1. 89534 0.97064 30. 14315 5.61208 8
1. 79097 0.88322 27.42858 5. 49635 8
1. 70256 0. 81225 25.22442 5. 40025 8
1. 62656 0. 75359 23. 40289 5.31927 8
1. 56039 0.70436 21.87379 5. 25012 7
1.50214 0. 66244 20.57223 5.19034 7
1. 45036 0.62633 19.45062 5. 13808 7
1.40393 0.59486 18.47345 5. 09193 7
1.36197 0.56718 17.61382 5. 05081 7
1.32381 0.54262 16.85101 5. 01388 7
1.28889 0.52065 16.16884 4.98047 7
1. 25675 0.50087 15.55453 4.95004 7
1.22704 0.48294 14.99784 4.92216 7
1.19945 0. 46661 14.49050 4.89647 7
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Recrui t

35089
60967
93332
33526

. 81886
. 38004

01047
70022
43945
21931
03229
87222
73411
61399
50869
41569
33296
25889
19216
13170

. 07662

CoooooorkErRERrRERRERPENNDW

EXSP

. 51035

88137
43786
11483
87226
68494
53659
41647
31728
23399
16300
10172
04823
00106
95912
92152
88760
85680
82868
80287

. 77908



Table 39. Summary of yield and spawning stock biomass per recruit results, corresponding biological reference points and
differences between current and former analyses.

Results Age3

F40% Y/R SSB/R Mean Rec Bmsy MSY
RUN 0 BRP ages 3-11+ 0.1643 0.2405 1.6023 12.42 19,901 2,987
RUN 1 BRP with ages 3-20 0.2033 0.2506 1.3692 12.42 17,006 3,113
RUN 2 with new pr 0.2666 0.2712 1.3694 19.6 26,840 5,316
RUN 3 with new wts 0.1918 0.2151 1.3321 19.6 26,108 4,217
RUN 4 with new maturity 0.1920 0.2473 1.3249 19.6 25,968 4,847
RUN 5 with new pr and wts 0.2478 0.2263 1.3322 19.6 26,111 4,435
RUN 6 with new wts and maturity 0.1807 0.2121 1.2883 19.6 25,251 4,158
RUN 7 with new pr and maturity 0.2485 0.2675 1.3246 19.6 25,963 5,244
RUN 8 with new pr, wts and maturity 0.2303 0.2232 1.2882 19.6 25,248 4,375

Differences between estimates from the current (RUN 8) and former (RUN 1) yield and spawning stock biomass per recruit analyses.

F40% Y/R SSB/R Bmsy (000's)
Total Effect = RUN 8 - RUN 1 0.07 -0.0173 -0.3142 8.242
P-R effect =RUN 2 - RUN 1 0.06 0.0206 0.0002
Wt effect =RUN 3 -RUN 1 -0.01 -0.0355 -0.0372
Mat effect = RUN 4 - RUN 1 -0.01 -0.0033 -0.0443
2-way interaction
PR and wt interaction effect 0.04 -0.0244 -0.0371
Wt and mat interaction effect -0.02 -0.0385 -0.0809
PR and mat interaction effect 0.05 0.0169 -0.0446
3-way interaction
Total effect - all of the above effects -0.04 0.0469 -0.0702
SSB/R effect -1.006
Recruit effect 9.830

interaction -0.582
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Table 40. Summary of short-term projection results for witch flounder. Projected median estimates of
landings (mt), discards (mt), and spawning stock biomass (mt) are provided: 1) status quo fishing
mortality (F,gp; = F,op, = 0.41); 2) fishing mortality at Fmsy = F40% = 0.23; 3) fishing mortality
at 75% of Fmsy; and 4) status quo landings (landings,; = landings,,).

Projection input:

Age Selectivity F Selectivity M St ock Wi ght Land Wei ght Maturity

3 0. 0036 1. 0000 0. 0443 0. 0000 0. 0700

4 0. 0229 1. 0000 0.1214 0. 3220 0. 1600

5 0. 0703 1. 0000 0. 2267 0. 3380 0. 3500

6 0.1931 1. 0000 0. 3206 0. 3960 0. 5900

7 0.5282 1. 0000 0.4202 0. 4780 0. 7900

8 1. 0000 1. 0000 0.5151 0. 5550 0. 9100

9 1. 0000 1. 0000 0. 5995 0. 6400 0. 9700

10 1. 0000 1. 0000 0.7281 0. 7660 0. 9900

11+ 1. 0000 1. 0000 0. 8888 0. 8889 1. 0000

Projection results (weight reported in ‘000 mt)

Median Median Median
Scenario Year F Landings Discards SSB
F status quo 2003 0.41 6.254 0.251 26.677
F status quo 2004 0.41 8.652 0.191 32.121
F status quo 2005 0.41 10.474 0.132 33.733
F status quo 2003 0.41 6.254 0.251 26.677
Fmsy 2004 0.23 5.174 0.109 32.705
Fmsy 2005 0.23 6.992 0.076 37.600
F status quo 2003 0.41 6.254 0.251 26.677
75% Fmsy 2004 0.17 3.908 0.081 32.902
75% Fmsy 2005 0.17 5.480 0.057 39.080
Landings,,,; = Landings,, 2003 0.199 3.186 0.121 27.241
Fmsy 2004 0.23 5.781 0.111 35.389
Fmsy 2005 0.23 7.519 0.077 40.160
Landings,,,; = Landings,, 2003 0.199 3.186 0.121 27.241
75%Fmsy 2004 0.17 4.366 0.083 35.613
75%Fmsy 2005 0.17 5.899 0.058 41.753
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Figure 5. Historical USA witch flounder landings (mt), excluding USA landings from the Grand Banks. Thin line represents provisional

landings data taken from Lange and Lux (1978); discards are from the shrimp fishery and large-mesh otter trawl fishery.
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Figure 6. Commercial landings of witch flounder by market category, 1973 —2002.
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Figure 7. Witch flounder landings at age (in numbers), 1982 -2002; selected cohorts are labeled.
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Overview of Shrimp Fishery discard procedures
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Figure 8. Overview of procedures used to estimated witch flounder discarded in the northern shrimp
fishery in the Gulf of Maine — Georges Bank region 1982-2002.
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Observed witch flounder discard rates (kg per day fished, closed symbols) from the
Fisheries Observed Program, and estimated discards rates (kg/df, open symbols) in the
northern shrimp fishery estimated from linear regressions (solid lines) of observed discard
rates and NEFSC autumn survey age 3 index.
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Figure 10. Proportion at length of discarded witch flounder from the Fisheries Observer Program
observed tows in the northern shrimp fishery, 1989-1997. Data for 1983, 1985, and 1988
were collected from sea sampled trips prior to the FOP by NEFSC staff.
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Figure 11. Mean weights at age of discarded witch flounder in the northern shrimp fishery (lines with symbols); NEFSC spring bottom trawl
survey mean weights at age (lines with no symbols).
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Figure 12. Witch flounder discards at age (in numbers) from the northern shrimp fishery, 1982 -2002; selected cohorts are labeled.
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Large-mesh Otter Trawl Fishery Discards: Survey Filter Method
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Figure 13. Overview of survey filter method used to estimate witch flounder discarded in
the large-mesh otter trawl fishery in the Gulf of Maine-Georges Bank region,

1982-2002.

96



1982 - o 0
1 @)
1984_ o
1 @ o
1986 - : o o
] ° o O
19088 - @) o o Survey filter method
1990 - O 8 _
= 1 O 9 O e
O 1992 - @ N . -
" el T O
1994 - ° 89 :
1 ° @) O
1996 - o (N () o
- o (8) [y O -
1998 - .o © (J (v O o
] . . o o () . o ° FOP
2000 - . o O O o 0
- o () (% O o
2002 - o @ @ O o .
0 1 2 3 4 5 6 7 8 9 10 11+
Age

Figure 14.  Witch flounder discards at age (in numbers) from the large-mesh otter trawl fishery using survey filter method (1982-1994) and
Fisheries Observer Program data (1995 — 2002); selected cohorts are labeled.

97



1982 - o
1984 - @ .
- O
1986 - : o
| o @) O
1988 - NG O
e . o @) o
1990 { - . 0
o 1 ° o o O @)
S 19924 - o © o .
> 1 0 A\ O A
1994 - o @ 6 @ :
i o ® O
1996 - . ° o ' O
] 0 o @) ' O i
1998 { © 8 8 (s3) O o
_ ° (94) © 0
2000 - o O O (y O o
1 ° @) o & O o
2002 - : o 0 (9 O o .
0 1 2 5 6 7 8 9 10 1%

>
Q
®

Figure 15.  Witch flounder discards at age (in numbers) from the large-mesh otter trawl fishery and the northern shrimp fishery, 1982 — 2002;
selected cohorts are labeled.
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Figure 16. Witch flounder catch at age (in numbers), 1982 -2002; selected cohorts are labeled.
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Figure 17.  Trends in USA landings per day fished (A) and days fished (B) of witch flounder, 1973 -

2002.
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Figure 18. NEFSC bottom trawl survey sampling strata.
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Figure 22.  Stratified mean catch (kg) per tow (A) and variance (B) of witch flounder in the NEFSC

autumn bottom trawl survey for three strata sets in the Georges Bank- Gulf of Maine
region, 1963 —2001.
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Figure 23.  Stratified mean weight (kg) per tow, with 95% confidence limits, of witch flounder in the
NEFSC spring (A) and autumn (B) bottom trawl survey, 1963 — 2003.
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Stratified mean number per tow, with 95% confidence limits, of witch flounder in the
NEFSC spring (A) and autumn (B) bottom trawl survey, 1963 — 2003.
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Figure 25.  Stratified mean catch per tow, in weight (A) and number (B), of witch flounder in the
Massachusetts Division of Marine Fisheries spring and autumn bottom trawl surveys in
Cape Cod Bay - Mass. Bay region, 1978 —2002.
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Figure 26.  Stratified mean catch per tow, in weight (kg) and numbers, of witch flounder in the Atlantic States Marine Fisheries Commission
summer northern shrimp survey, 1984 —2002.
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Figure 27.  Stratified mean length (cm) per tow of witch flounder in NEFSC spring and autumn bottom trawl surveys in the Georges Bank- Gulf
of Maine region, 1963 —2003.
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Figure 28.  Stratified mean length (cm) per tow of witch flounder in Massachusetts Division of Marine Fisheries spring and autumn bottom

trawl surveys in the Cape Cod Bay — Mass. Bay region, 1978 — 2002.
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NEFSC SPRING SURVEY: stratified mean number per tow
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Figure 29.
trawl survey, 1968 — 2003.
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NEFSC SPRING SURVEY: stratified mean number per tow
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ASMFC Summer Shrimp Survey
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Figure 32.  Stratified mean number per tow at length of witch flounder in the Atlantic States Marine

Fisheries Commission northern shrimp survey, 1984 — 2002.

122



45
4.0 1 2000
3.5
3.0 |
2.5
2.0 |
15 1
1.0 1
0.5 |

0.0 \ T
4.5

2001
4.0 A

3.5
3.0

Stratified mean number per tow

2.5
2.0
1.5
1.0
0.5

0.0 ‘ . . . . . . . .

4.5 -
4.0 2002
3.5 -
3.0
2.5 -
2.0 -
1.5 -
1.0
0.5 -

0.0 ‘ T T T T T . . T
0 6 12 18 24 30 36 42 48 54 60

Length (cm)

Figure 32 continued.

123



Spring Survey: Stratified mean number per tow at age
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Figure 33.  Stratified mean number of witch flounder per tow at age from NEFSC spring bottom trawl surveys, 1980-2002, preliminary 2003;
selected cohorts are labeled.
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Autumn Survey: Stratified mean number per tow at age
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Figure 34.  Stratified mean number of witch flounder per tow at age from NEFSC autumn bottom trawl surveys, 1980-2002; selected cohorts
are labeled.
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Figure 35.  Mean length (cm) at age of witch flounder , age groups 4 -8, in spring (A) and autumn (B)
NEFSC bottom trawl surveys, 1980 — 2002, preliminary spring 2003.
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Figure 36. Mean weight at age of witch flounder (age groups 4 — 9) in the NEFSC spring bottom trawl survey, 1980 — 2002, preliminary 2003.
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Figure 37. Mean weight at age of witch flounder (age groups 4 to 9) in the NEFSC autumn bottom trawl survey, 1980 — 2002.
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Figure 38.  Annual estimates of median age (A50) of witch flounder derived from a five-year moving time block of maturity observations
collected during NEFSC spring surveys, 1980-2003.
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Figure 39.  Stratified mean weight (kg) per tow (thick line) and spawning biomass (kg) per tow (thin line) of witch flounder from the NEFSC
spring bottom trawl surveys, 1968 — 2002, preliminary 2003.
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Figure 40.  Estimates of instantaneous total mortality (Z) derived from the NEFSC spring and autumn
survey catch per tow at age (log ratio 7+ / 8+) (A) and 3-yr moving average of total
mortality (B).

131



Z Score

Z Score

Z Score

Z Score

Z Score

101 102 103

102 103

Figure 41. Scaled (Z score) NEFSC spring and autumn survey indices for ages 3 to 11+, 1982-2003.
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Figure 42. Standardized residuals for survey indices (spring solid bar and autumn open bar) at age.
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Figure 42. continued.
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Figure 44. Trends in spawning stock biomass and recruitment (Age 3) for witch flounder, 1982-2002.
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Figure 45. Spawning stock biomass and recruits (Age 3) for witch flounder, 1982 — 2002 year classes.
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Precision of F in 2002
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Figure 46.  Precision estimates of fishing mortality (F8-9) in 2002 for witch flounder. Vertical bars display both the range of the bootstrap
estimates and the probability of individual values in the range. The arrows indicate the 80% confidence intervals.
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Figure 47.  Precision estimates of spawning stock biomass (mt) in 2002 for witch flounder. Vertical bars display both the range of the
bootstrap estimates and the probability of individual values in the range. The arrows indicate the 80% confidence intervals.
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Figure 48a. Retrospective analysis results for fishing mortality, (F8-9).
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Figure 48b. Retrospective analysis results for spawning stock biomass.
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Figure 48c. Retrospective analysis results for age 3 recruitment.
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Selectivity coefficient

Witch Flounder Fishery Selectivity by Time Period
Model 3: Catch Scenario 2: M=0.15
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Figure 49. Selectivity at age.
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Catch biomass (mt)

Witch Flounder Catch Biomass (mt), 1937-2002
Catch Scenario 2: M=0.15
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Figure 50. Trends in catch biomass (mt), 1937 — 2002.
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Selectivity coefficient
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Witch Flounder Survey Selectivity
Model 3: Catch Scenario 2: M=0.15
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Figure 51. Survey selectivity at age.
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Fall survey biomass index (kg/tow * 1000)

Witch Flounder Fall Survey Biomass Index, 1963-2002
Model 3: Catch Scenario 2: M=0.15
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Figure 52. Trends in NEFSC autumn survey biomass.
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Spring survey biomass index (kg/tow * 1000)

Witch Flounder Spring Survey Biomass Index, 1968-2002
Model 3: Catch Scenario 2: M=0.15
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Figure 53. Trends in NEFSC spring survey biomass.
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Spawning Biomass (kt)

Comparison of ADAPT virtual population analysis (VPA) and
statistical catch-at-age analysis (SCAA) estimates of witch
flounder spawning biomass, 1982-2002
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Figure 54. Comparison of VPA and SCAA estimates of spawning stock biomass.
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Fishing Mortality (F)

Comparison of ADAPT virtual population analysis (VPA) and
statistical catch-at-age analysis (SCAA) estimates of witch
flounder fishing mortality, 1982-2002
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Figure 55. Comparison of VPA and SCAA estimates of fishing mortality.
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Recruitment (000's fish)

Comparison of ADAPT virtual population analysis (VPA) and
statistical catch-at-age analysis (SCAA) estimates of witch

flounder recruitment, 1982-2002
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Figure 56. Comparison of VPA and SCAA estimates of recruitment.
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Yield per recruit (kg)
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Figure 57. Yield per recruit (YPR) and spawning stock biomass per recruit (SSB/R) estimates for witch flounder.
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Figure 58. Spawning stock biomass and fishing mortality (F 8-9) for witch flounder, 1999-2001, and 2002 with 80% confidence interval.

153



Spawning Stock Biomass (‘000 mt)

Figure 59.
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APPENDIX: Full output of VPA RUN 301-f



VPA Version 2.0.11

Model ID: witch fld. run 301-f new p-r 1980-2002 maturity

Input File: H:\WITCHASS\VPA\VPA2003\SERIES3\RUN301-F.DAT

Date of Run: 15-MAY-2003 Time of Run: 21:15

Levenburg-Marquardt Algorithm Completed 7 Iterations

Residual Sum of Squares = 281.727
Number of Residuals = 364
Number of Parameters = 8
Degrees of Freedom = 356

Mean Squared Residual = 0.791369
Standard Deviation = 0.889589

Number of Years = 21
Number of Ages = 9
First Year = 1982

Youngest Age = 3

Oldest True Age = 10
Number of Survey Indices Available = 42
Number of Survey Indices Used in Estimate = 18

VPA Classic Method - Auto Estimated Q's

Stock Numbers Predicted in Terminal Year Plus One (2003)
Age Stock Predicted Std. Error CVv
3 19759.763 0.128070E+05 0.648137E+00
4 25441.190 0.116744E+05 0.458878E+00
5 42739.077 0.161746E+05 0.378451E+00
6 41657.971 0.138230E+05 0.331822E+00
7 21203.570 0.658855E+04 0.310728E+00
8 10370.219 0.335096E+04 0.323133E+00
9 3903.193 0.131462E+04 0.336807E+00
10 791.907 0.361682E+03 0.456723E+00
Catchability Values for Each Survey Used in Estimate
INDEX Catchability Std. Error Cv
4 0.134450E-04 0.338182E-05 0.251531E+00
5 0.323264E-04 0.480692E-05 0.148699E+00
6 0.429554E-04 0.514639E-05 0.119808E+00
7 0.430079E-04 0.596770E-05 0.138758E+00
8 0.508706E-04 0.712473E-05 0.140056E+00
9 0.656138E-04 0.131051E-04 0.199731E+00
10 0.788325E-04 0.158102E-04 0.200554E+00
11 0.836507E-04 0.173114E-04 0.206948E+00
18 0.113695E-03 0.150419E-04 0.132300E+00
21 0.834330E-05 0.224168E-05 0.268681E+00
22 0.307342E-04 0.636966E-05 0.207250E+00
23 0.385675E-04 0.103815E-04 0.269179E+00
24 0.410818E-04 0.106353E-04 0.258880E+00
25 0.461380E-04 0.918963E-05 0.199177E+00
26 0.772831E-04 0.152953E-04 0.197913E+00
27 0.796591E-04 0.151773E-04 0.190528E+00
28 0.913192E-04 0.204756E-04 0.224221E+00
35 0.111457E-03 0.183216E-04 0.164383E+00
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-- Non-Linear Least Squares Fit --
Default Tolerances Used

Scaled Gradient Tolerance =
Scaled Step Tolerance =

Relative Function Tolerance =
Absolute Function Tolerance =

VPA Method Options

DS w o

.0554
.6668
.6668
.9303

- Catch Equation Used in Cohort Solution
- Plus Group Backward Calculation Method Used
- Rivard Weights Used for JAN-1 Biomass
- Rivard Weights Used for SSB Biomass
- Heincke Rule Used in F-0Oldest Calculation

- F-Oldest Calculation in Years Prior to Terminal Year

Uses Stock Sizes in Ages 8 to 10

54E-06
53E-11
53E-11
81E-32

- Calculation of Population of Age 3 In Year 2003

= Stock Estimate
Stock Estimates

Age
Age
Age
Age
Age
Age
Age
Age

O WO Jo Ul W

[

Full F in Terminal Year

F in Oldest True Age in Terminal Year

Full F Calculated Using Classic Method

Age Input Partial Calc Partial
Recruitment Recruitment

3 0.004 0.003

4 0.023 0.029

5 0.070 0.049

6 0.193 0.108

7 0.528 0.315

8 1.000 0.479

9 1.000 1.000

10 1.000 0.740

VPA Run 301-f Appendix Page 2

= 0.4087
= 0.4087
Fishing Used In
Mortality Full F
0.0015 NO
0.0le6l NO
0.0268 NO
0.0595 NO
0.1741 NO
0.2648 YES
0.5526 YES
0.4087

Comments

Stock
Stock
Stock
Stock
Stock
Stock
Stock
Input

Estimate
Estimate
Estimate
Estimate
Estimate
Estimate
Estimate

in
in
in
in
in
in
in

PR * Full F

T+1
T+1
T+1
T+1
T+1
T+1
T+1



JAN-1 Population Numbers

AGE 1982 1983 1984 1985 1986
3 15404 17700 16340. 7650 5414
4 12174 13082 14922. 13928 6470
5 9563 9493 10014 11486 10899
6 7830. 7114 6765 6768 7929
7 4289 5375 4668. 4216 4039
8 2752 3077 3160. 2647 2224
9 2102. 1763 1746. 1344 1132

10 1101. 1440 839. 862 599

11 7260 4728 3844 2926 2039

Total 62476 63772 62297. 51828 40746

AGE 1987 1988 1989 1990 1991
3 3001 9740 6214. 6670 8831
4 4639. 2562 7827. 4934 5422
5 5220 3825 2076. 6333 3660
6 7978 4060 3047. 1726 4431
7 4267 5683 2886. 2332 1249
8 2034 2222 3615. 1783 1754
9 1146 949 853 2297 1100

10 594. 544 448. 413 1668

11 1151 1218 1263. 900 1371

Total 30029. 30804 28229. 27388 29487

AGE 1992 1993 1994 1995 1996
3 14342. 9670 13610 12671 15878
4 7192. 11974 7936. 11675 10324
5 4291. 5029 8635. 5904 9706
6 2353. 2900 3019. 4887 4119
7 3281. 1164 1649. 1414 2627
8 857. 2162 453. 660 438
9 1283. 552 1320. 209 321

10 677. 940 274. 640 91

11 2127. 1318 782. 373 180

Total 36404. 35708 37679. 38434 43683

AGE 1997 1998 1999 2000 2001
3 20226. 29659. 42904. 67651. 58704.
4 13554. 17283. 25221. 36778. 58131.
5 8400. 10686. 14360. 21220. 31390.
6 7237. 6290. 8213. 11345. 17842.
7 2289. 5033. 4106. 5717. 8693.
8 949. 1033. 2846. 2426. 3417.
9 136. 274. 547. 1743. 1138.

10 80. 39. 105. 239. 926.

11 112. 179. 181. 536. 667.

Total 52982. 70476. 98483. 147655. 180909.
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JAN-1 Population Numbers

AGE 2002 2003
3 29603. 19760
4 50462. 25441
5 49716. 42739
6 26146. 41658
7 14340 21204
8 5910 10370
9 1599. 3903

10 398. 792

11 655. 603

Total 178829. 166470.

Fishing Mortality Calculated

AGE 1982 1983 1984 1985 1986
3 0.0134 0.0207 0.0097 0.0175 0.0046
4 0.0988 0.1173 0.1117 0.0952 0.0648
5 0.1459 0.1889 0.2417 0.2207 0.1620
6 0.2261 0.2713 0.3227 0.3662 0.4696
7 0.1823 0.3814 0.4173 0.4895 0.5361
8 0.2953 0.4162 0.7051 0.6998 0.5136
9 0.2282 0.5929 0.5562 0.6573 0.4949

10 0.2657 0.4770 0.6495 0.6853 0.5072

11 0.2657 0.4770 0.6495 0.6853 0.5072

AGE 1987 1988 1989 1990 1991
3 0.0080 0.0686 0.0806 0.0571 0.0553
4 0.0430 0.0605 0.0618 0.1487 0.0839
5 0.1012 0.0773 0.0344 0.2072 0.2919
6 0.1892 0.1914 0.1176 0.1733 0.1503
7 0.5025 0.3025 0.3316 0.1350 0.2265
8 0.6118 0.8070 0.3035 0.3332 0.1624
9 0.5951 0.6015 0.5765 0.1699 0.3352

10 0.6058 0.7409 0.3502 0.2380 0.2255

11 0.6058 0.7409 0.3502 0.2380 0.2255

AGE 1992 1993 1994 1995 1996
3 0.0304 0.0475 0.0033 0.0549 0.0083
4 0.2077 0.1769 0.1458 0.0347 0.0562
5 0.2420 0.3602 0.4192 0.2100 0.1436
6 0.5542 0.4143 0.6087 0.4709 0.4376
7 0.2672 0.7926 0.7655 1.0227 0.8680
8 0.2907 0.3431 0.6230 0.5707 1.0205
9 0.1614 0.5517 0.5738 0.6881 1.2443

10 0.2112 0.3821 0.5862 0.5977 1.1092

11 0.2112 0.3821 0.5862 0.5977 1.1092
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AGE 1997 1998 1999 2000 2001
3 0.0072 0.0121 0.0040 0.0016 0.0013
4 0.0877 0.0353 0.0227 0.0084 0.0064
5 0.1393 0.1132 0.0857 0.0234 0.0328
6 0.2131 0.2764 0.2122 0.1163 0.0685
7 0.6456 0.4201 0.3762 0.3646 0.2359
8 1.0930 0.4859 0.3402 0.6068 0.6097
9 1.0854 0.8049 0.6793 0.4829 0.9002

10 1.0920 0.5448 0.3876 0.5531 0.6747

11 1.0920 0.5448 0.3876 0.5531 0.6747

AGE 2002
3 0.0015
4 0.0161
5 0.0268
6 0.0595
7 0.1741
8 0.2648
9 0.5526

10 0.4087

11 0.4087
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Average Fishing Mortality For Ages 8- 9

Year Average F N Weighted Biomass Wtd Catch Wtd
1982 0.2618 0.2663 0.2631 0.2699
1983 0.50406 0.4806 0.4920 0.4922
1984 0.6307 0.6521 0.6456 0.6578
1985 0.6786 0.6855 0.6835 0.6859
1986 0.5042 0.5073 0.5063 0.5074
1987 0.6035 0.6058 0.6050 0.6059
1988 0.7043 0.7455 0.7364 0.7540
1989 0.4400 0.3557 0.3646 0.3810
1990 0.2515 0.2412 0.2337 0.2654
1991 0.2488 0.2290 0.2360 0.2565
1992 0.2260 0.2132 0.2086 0.2301
1993 0.4474 0.3855 0.3939 0.3999
1994 0.5984 0.5864 0.5846 0.5870
1995 0.6294 0.5990 0.6051 0.6020
1996 1.1324 1.1152 1.1262 1.1213
1997 1.0892 1.0920 1.0918 1.0920
1998 0.6454 0.5527 0.5710 0.5741
1999 0.5097 0.3948 0.4009 0.4243
2000 0.5448 0.5550 0.5504 0.5601
2001 0.7550 0.6823 0.6917 0.6977
2002 0.4087 0.3261 0.3344 0.3601
Average Fishing Mortality For Ages 8- 9

Year Average F N Weighted Biomass Wtd Catch Wtd
1982 0.2618 0.2663 0.2631 0.2699
1983 0.5046 0.4806 0.4920 0.4922
1984 0.6307 0.6521 0.6456 0.6578
1985 0.6786 0.6855 0.6835 0.6859
1986 0.5042 0.5073 0.5063 0.5074
1987 0.6035 0.6058 0.6050 0.6059
1988 0.7043 0.7455 0.7364 0.7540
1989 0.4400 0.3557 0.3646 0.3810
1990 0.2515 0.2412 0.2337 0.2654
1991 0.2488 0.2290 0.2360 0.2565
1992 0.2260 0.2132 0.2086 0.2301
1993 0.4474 0.3855 0.3939 0.3999
1994 0.5984 0.5864 0.5846 0.5870
1995 0.6294 0.5990 0.6051 0.6020
1996 1.1324 1.1152 1.1262 1.1213
1997 1.0892 1.0920 1.0918 1.0920
1998 0.6454 0.5527 0.5710 0.5741
1999 0.5097 0.3948 0.4009 0.4243
2000 0.5448 0.5550 0.5504 0.5601
2001 0.7550 0.6823 0.6917 0.6977
2002 0.4087 0.3261 0.3344 0.3601
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Back Calculated Partial Recruitment

AGE 1982 1983 1984 1985 1986
3 0.0454 0.0349 0.0138 0.0251 0.0085
4 0.3344 0.1978 0.1584 0.1361 0.1208
5 0.4940 0.3186 0.3428 0.3154 0.3022
6 0.7655 0.4576 0.4577 0.5233 0.8759
7 0.6172 0.6432 0.5918 0.6995 1.0000
8 1.0000 0.7021 1.0000 1.0000 0.9579
9 0.7728 1.0000 0.7889 0.9393 0.9231

10 0.8997 0.8046 0.9212 0.9793 0.9461

11 0.8997 0.8046 0.9212 0.9793 0.9461

AGE 1987 1988 1989 1990 1991
3 0.0131 0.0850 0.1397 0.1713 0.1651
4 0.0702 0.0750 0.1073 0.4462 0.2504
5 0.1654 0.0957 0.0597 0.6218 0.8709
6 0.3092 0.2372 0.2039 0.5201 0.4485
7 0.8212 0.3748 0.5751 0.4052 0.6756
8 1.0000 1.0000 0.5265 1.0000 0.4845
9 0.9726 0.7454 1.0000 0.5099 1.0000

10 0.9901 0.9182 0.6075 0.7143 0.6728

11 0.9901 0.9182 0.6075 0.7143 0.6728

AGE 1992 1993 1994 1995 1996
3 0.0549 0.0600 0.0043 0.0537 0.0067
4 0.3747 0.2232 0.1905 0.0340 0.0452
5 0.4367 0.4545 0.5476 0.2053 0.1154
6 1.0000 0.5227 0.7952 0.4604 0.3516
7 0.4822 1.0000 1.0000 1.0000 0.6976
8 0.5246 0.4329 0.8139 0.5580 0.8202
9 0.2912 0.6961 0.7496 0.6728 1.0000

10 0.3811 0.4821 0.7658 0.5845 0.8914

11 0.3811 0.4821 0.7658 0.5845 0.8914

AGE 1997 1998 1999 2000 2001
3 0.0066 0.0150 0.0060 0.0027 0.0014
4 0.0803 0.0439 0.0334 0.0139 0.0071
5 0.1274 0.1407 0.1261 0.0386 0.0364
6 0.1950 0.3434 0.3124 0.1916 0.0761
7 0.5907 0.5219 0.5538 0.6009 0.2620
8 1.0000 0.6036 0.5008 1.0000 0.6772
9 0.9931 1.0000 1.0000 0.7958 1.0000

10 0.9991 0.6769 0.5707 0.9115 0.7495

11 0.9991 0.6769 0.5707 0.9115 0.7495
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Back Calculated Partial Recruitment
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JAN-1 Biomass

AGE 1982 1983 1984 1985 1986
3 2027 1336 1247. 550 247
4 2784 2293 2758. 2637 1050
5 2822. 2423 2581. 3031 2902
6 2967 26011 2280. 2539 2795
7 2235 2509 2192. 2058 1931
8 1913 1786 1853. 1615 1375
9 1774 1340 1236. 1005 869

10 1028. 1340 718. 765 543

11 10204 6418 5148 3878 2694

Total 27754 22056 20012. 18077 14406

AGE 1987 1988 1989 1990 1991
3 137. 374 284. 305 376
4 603. 329 684. 745 601
5 1293. 932 530. 1325 927
6 2874 1461 1108. 648 1456
7 2041 2744 1441. 1164 629
8 1230 1360 2189 1120 1125
9 857. 712 631 1748 834

10 543. 490 399 382 1517

11 1500. 1615 1714 1309 1947

Total 11077 10017 8980. 8745 9411

AGE 1992 1993 1994 1995 1996
3 866. 544 591. 390 607
4 857. 1730 1247. 1226 896
5 1178. 1359 2055. 1518 1988
6 935. 1173 1117 1706 1532
7 1667. 577 792. 694 1289
8 560. 1383 276. 401 276
9 975. 446 983. 166 247

10 581. 862 245. 576 85

11 2644, 1760 989. 463 222

Total 10264. 9833 8294. 7141 7141

AGE 1997 1998 1999 2000 2001
3 941. 1433. 1742. 2699. 2718.
4 1438. 1848. 3110. 4230. 6255.
5 1698. 2367. 3130. 5169. 7022.
6 2282. 1972. 2649. 3712. 5611.
7 1046. 2154. 1763. 2422. 3596.
8 560. 556. 1518. 1269. 1697.
9 106. 202. 331. 1060. 668.

10 75. 36. 94. 156. 592.

11 145. 216. 158. 495. 561.

Total 8290. 10782. 14496. 21212. 28721.
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JAN-1 Biomass

AGE 2002 2003
3 1492. 1433
4 7039. 6106
5 11002. 14813
6 8312 14601
7 5937. 10411
8 2998. 5619
9 956. 2356

10 290. 561

11 602. 553

Total 38628 56452
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Mean Biomass

AGE 1982 1983 1984 1985 1986
3 2159 2431 2286. 902 444
4 2604 2322 3001. 2925 1198
5 2724 2171 2719. 2924 2803
6 2744 2375 2272. 2267 2410
7 2007 2160 1920 1760 1558
8 1615. 1440 1410. 1232 1099
9 1551 989 1023. 776 711

10 886. 1045 532. 563 428

11 8349 4768 3544 2629 1974

Total 24639 19702 18709. 15978 12626

AGE 1987 1988 1989 1990 1991
3 226 392 679. 372 494
4 806. 469 1202. 796 961
5 1376 1064 609. 1368 1018
6 2932 1493 1136. 646 1609
7 1758. 2459 1315. 1189 602
8 976. 955 1982. 973 1057
9 669. 547 496 1669 728

10 408. 353 341 359 1354

11 1053. 1069 1349 1085 1623

Total 10205 8801 9109. 8455 9447

AGE 1992 1993 1994 1995 1996
3 1356. 1073 878. 580 877
4 1389. 2063 1386. 1689 1390
5 1346. 1253 1846 1626 2226
6 775. 957 909. 1582 1314
7 1647. 403 577. 467 913
8 512. 1137 218. 324 183
9 906. 350 782. 129 148

10 501. 746 176. 439 50

11 2219. 1364 700. 326 126

Total 10652. 9346 7473 7162 7227

AGE 1997 1998 1999 2000 2001
3 1308. 1917. 2688. 4130. 4821.
4 2274. 2578. 5031. 6656. 9461.
5 1999. 2445, 3722. 5325. 7338.
6 2280. 1837. 2756. 3666. 5800.
7 781. 1869. 1641. 2004. 3354.
8 341. 447 . 1313. 906. 1317.
9 68. 153. 233. 818. 455.

10 47. 28. 75. 11e6. 408.

11 83. 156. 122. 356. 382.

Total 9181. 11429. 17581. 23978. 33336.
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Spawning Stock Biomass

AGE 1982 1983 1984 1985 1986
3 20 13 24, 5 5
4 107. 132 185. 127 91
5 376. 458 580. 684 1019
6 1115 1241 1243. 1584 1916
7 1543 1883 1715 1720 1636
8 1634. 1544 1559. 1388 1218
9 1632. 1172 1088. 878 780

10 949. 1207 628. 665 487

11 9521 5781 4505. 3374 2414

Total 16897 13431 11528. 10425 9567

AGE 1987 1988 1989 1990 1991
3 16. 115 33. 24 25
4 216. 191 238. 156 104
5 880. 745 360. 587 336
6 2471 1297 964. 454 886
7 1794. 2494 1303. 999 496
8 1072. 1148 2010. 1003 1004
9 757 628 559 1640 754

10 479 422 367 358 1411

11 1323. 1392 1577 1227 1829

Total 9008 8433 7410. 6447 6844

AGE 1992 1993 1994 1995 1996
3 50. 21 23. 11 12
4 145. 229 154. 155 113
5 463. 437 636 601 852
6 582. 694 630 1200 1139
7 1369. 424 585. 542 1044
8 500. 1210 230. 352 225
9 916. 392 862. 144 196

10 547. 789 217. 509 69

11 2490. 1610 875. 409 180

Total 7063. 5806 4212 3922 3828

AGE 1997 1998 1999 2000 2001
3 9. 56. 85. 158. 186.
4 97. 251. 453. 618. 975.
5 599. 883. 1114. 1657. 2384.
6 1740. 1304. 1671. 2095. 3192.
7 888. 1782. 1405. 1800. 2664.
8 455. 485. 1343. 1040. 1361.
9 87. 171. 286. 925. 544.

10 61. 32. 86. 137. 511.

11 118. 192. 145. 441. 489.

Total 4053. 5156. 6587. 8871. 12305.
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Spawning Stock Biomass

AGE 2002
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Catch Biomass

AGE 1982 1983 1984 1985 1986
3 29. 50 22 16 2
4 257. 272 335 279 78
5 397. 410 657. 645 454
6 620. 645 733. 830 1132
7 366. 824 801 862 835
8 477 . 599 994. 862 564
9 354. 586 569. 510 352

10 235. 499 346. 386 217

11 2219. 2274 2302 1802 1002

Total 4955 6160. 6761 6192 4636

AGE 1987 1988 1989 1990 1991
3 2. 27 55. 21 27
4 35. 28 4. 118 81
5 139. 82 21. 283 297
6 555. 286 134 112 242
7 883. 744 436 161 136
8 597. 771 602. 324 172
9 398. 329 286. 283 244

10 247. 261 1109. 85 305

11 638. 792 472. 258 366

Total 3494 3320. 2199 1646 1871

AGE 1992 1993 1994 1995 1996
3 41. 51. 3. 32. 7.
4 288. 365. 202. 59. 78.
5 326. 451. 774. 342. 320.
6 430. 397. 554. 745. 575.
7 440. 320. 442 . 477 . 792.
8 149. 390. 136. 185. 186.
9 146. 193. 449. 89. 184.

10 106. 285. 103. 262. 56.

11 469. 521. 410. 195. 140.

Total 2395. 2973. 3072. 2386. 2339.

AGE 1997 1998 1999 2000 2001
3 9. 23. 11. 7. 6.
4 200. 91. 114. 56. 60.
5 278. 277. 3109. 125. 241.
6 486. 508. 585. 426. 397.
7 504. 785. 617. 731. 791.
8 372. 217. 447 . 550. 803.
9 73. 123. 158. 395. 410.

10 52. 15. 29. 64. 275.

11 91. 85. 47. 197. 258.

Total 2066. 2124. 2327. 2550. 3241.
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Catch Biomass

AGE 2002

HOWWWw-Jo U W
=
o
=
o

=

Surplus Production

Average Adjustment Factor (Delta) = 1.0000

Year Biomass Delta Biomass Catch Biomass Surplus Production
1982 27753.983 -5697.846 4954.638 -743.208
1983 22056.137 -2044.094 6159.976 4115.882
1984 20012.043 -1934.768 6760.517 4825.749
1985 18077.275 -3671.668 6191.704 2520.036
1986 14405.606 -3328.378 4635.851 1307.473
1987 11077.228 -1059.758 3494.396 2434.637
1988 10017.470 -1037.240 3320.343 2283.103
1989 8980.230 -235.331 2199.015 1963.684
1990 8744.899 666.450 1646.456 2312.905
1991 9411.349 852.941 1870.786 2723.727
1992 10264.289 -430.994 2394.876 1963.882
1993 9833.296 -1539.477 2972.811 1433.334
1994 8293.818 -1153.030 3072.149 1919.119
1995 7140.788 -0.006 2385.733 2385.726
1996 7140.782 1149.552 2338.662 3488.214
1997 8290.334 2492.097 2066.078 4558.175
1998 10782.431 3713.086 2124.350 5837.436
1999 14495.517 6716.072 2327.426 9043.498
2000 21211.589 7509.247 2550.036 10059.282
2001 28720.836 9906.770 3241.147 13147.917
2002 38627.606 17824.499 3464.690 21289.189
2003 56452.105
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Summary of Survey Indices Used in the Estimate

INDEX Survey Tag Age Time Type
4 Spr 3 JAN-1 NUMBER
5 Spr 4 JAN-1 NUMBER
6 Spr 5 JAN-1 NUMBER
7 Spr 6 JAN-1 NUMBER
8 Spr 7 JAN-1 NUMBER
9 Spr 8 JAN-1 NUMBER

10 Spr 9 JAN-1 NUMBER
11 Spr 10 JAN-1 NUMBER
18 Spr 11 - 11 JAN-1 NUMBER
21 Aut 3 JAN-1 NUMBER
22 Aut 4 JAN-1 NUMBER
23 Aut 5 JAN-1 NUMBER
24 Aut 6 JAN-1 NUMBER
25 Aut 7 JAN-1 NUMBER
26 Aut 8 JAN-1 NUMBER
27 Aut 9 JAN-1 NUMBER
28 Aut 10 JAN-1 NUMBER
35 Aut 11 - 11 JAN-1 NUMBER
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Survey Index: 4 Tag: Spr AGE = 3

Time = JAN-1 Type = NUMBER

Catchability = 0.134450E-04 Variance = 0.126535E+01
Residual = LN (Observed) - LN (Predicted)

Year Observed Predicted Residual
1982 0.609600E+00 0.207109E+00 0.107956E+01
1983 0.531000E+00 0.237975E+00 0.802595E+00
1984 0.115000E-01 0.219690E+00 -0.294987E+01
1985 0.167000E-01 0.102859E+00 -0.181795E+01
1986 N/A 0.727929E-01 N/A

1987 N/A 0.403491E-01 N/A

1988 0.620000E-01 0.130952E+00 -0.747699E+00
1989 0.361000E-01 0.835456E-01 -0.839100E+00
1990 0.375000E-01 0.896771E-01 -0.871874E+00
1991 0.780500E+00 0.118731E+00 0.188307E+01
1992 0.187000E+00 0.192833E+00 -0.307154E-01
1993 0.137400E+00 0.130007E+00 0.553119E-01
1994 0.540900E+00 0.182987E+00 0.108382E+01
1995 0.581200E+00 0.170361E+00 0.122717E+01
1996 0.243500E+00 0.213484E+00 0.131556E+00
1997 0.152000E+00 0.271937E+00 -0.581690E+00
1998 0.712200E+00 0.398763E+00 0.579991E+00
1999 0.973800E+00 0.576838E+00 0.523645E+00
2000 0.119360E+01 0.909560E+00 0.271769E+00
2001 0.712600E+00 0.789274E+00 -0.102193E+00
2002 0.897200E+00 0.398006E+00 0.812812E+00
2003 0.159500E+00 0.265669E+00 -0.510209E+00
Survey Index: 5 Tag: Spr AGE = 4

Time = JAN-1 Type = NUMBER

Catchability = 0.323264E-04 Variance = 0.464341E+00
Residual = LN (Observed) - LN (Predicted)

Year Observed Predicted Residual
1982 0.483800E+00 0.393557E+00 0.206446E+00
1983 0.126160E+01 0.422894E+00 0.109302E+01
1984 0.307200E+00 0.482379E+00 -0.451232E+00
1985 0.459200E+00 0.450245E+00 0.196933E-01
1986 0.439000E-01 0.209159E+00 -0.156118E+01
1987 0.589000E-01 0.149955E+00 -0.934493E+00
1988 N/A 0.828321E-01 N/A

1989 0.100440E+01 0.253028E+00 0.137865E+01
1990 0.913000E-01 0.159510E+00 -0.557958E+00
1991 0.108400E+00 0.175285E+00 -0.480585E+00
1992 0.372800E+00 0.232479E+00 0.472242E+00
1993 0.472300E+00 0.387092E+00 0.198953E+00
1994 0.643500E+00 0.256548E+00 0.919605E+00
1995 0.315600E+00 0.377423E+00 -0.178891E+00
1996 0.394300E+00 0.333725E+00 0.166793E+00
1997 0.692500E+00 0.438141E+00 0.457767E+00
1998 0.388100E+00 0.558705E+00 -0.364359E+00
1999 0.796900E+00 0.815297E+00 -0.228229E-01
2000 0.692300E+00 0.118891E+01 -0.540776E+00
2001 0.147560E+01 0.187918E+01 -0.241772E+00
2002 0.262720E+01 0.163126E+01 0.476563E+00
2003 0.777900E+00 0.822423E+00 -0.556568E-01
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Survey Index: 6 Tag: Spr AGE = 5
Time = JAN-1 Type = NUMBER
Catchability = 0.429554E-04 Variance = 0.315786E+00

Residual = LN (Observed) - LN (Predicted)

Year Observed Predicted Residual
1982 0.376500E+00 0.410784E+00 -0.871507E-01
1983 0.129330E+01 0.407785E+00 0.115421E+01
1984 0.777500E+00 0.430148E+00 0.591955E+00
1985 0.105720E+01 0.493403E+00 0.762052E+00
1986 0.240300E+00 0.468180E+00 -0.666964E+00
1987 0.113800E+00 0.224215E+00 -0.678163E+00
1988 0.724000E-01 0.164290E+00 -0.819428E+00
1989 0.105400E+00 0.891701E-01 0.167217E+00
1990 0.319400E+00 0.272036E+00 0.160509E+00
1991 0.870000E-01 0.157234E+00 -0.591827E+00
1992 0.852000E-01 0.184335E+00 -0.771755E+00
1993 0.319500E+00 0.216027E+00 0.391354E+00
1994 0.810300E+00 0.370923E+00 0.781411E+00
1995 0.178800E+00 0.253603E+00 -0.349503E+00
1996 0.345500E+00 0.416925E+00 -0.187915E+00
1997 0.616900E+00 0.360821E+00 0.536325E+00
1998 0.797800E+00 0.459009E+00 0.552789E+00
1999 0.482400E+00 0.616833E+00 -0.245825E+00
2000 0.659600E+00 0.911522E+00 -0.323482E+00
2001 0.102000E+01 0.134837E+01 -0.279090E+00
2002 0.226340E+01 0.213557E+01 0.581323E-01
2003 0.157250E+01 0.183587E+01 -0.154853E+00
Survey Index: 7 Tag: Spr AGE = 6

Time = JAN-1 Type = NUMBER

Catchability = 0.430079E-04 Variance = 0.404332E+00

Residual = LN (Observed) - LN (Predicted)

Year Observed Predicted Residual
1982 0.236700E+00 0.336734E+00 -0.352499E+00
1983 0.541000E+00 0.305943E+00 0.570021E+00
1984 0.401200E+00 0.290932E+00 0.321371E+00
1985 0.119940E+01 0.291091E+00 0.141594E+01
1986 0.528500E+00 0.340990E+00 0.438190E+00
1987 0.132800E+00 0.343117E+00 -0.949227E+00
1988 0.299900E+00 0.174623E+00 0.540819E+00
1989 0.727000E-01 0.131053E+00 -0.589262E+00
1990 N/A 0.742453E-01 N/A

1991 0.208600E+00 0.190567E+00 0.904155E-01
1992 0.110500E+00 0.101193E+00 0.879816E-01
1993 0.576000E-01 0.124706E+00 -0.772436E+00
1994 0.164400E+00 0.129855E+00 0.235883E+00
1995 0.311800E+00 0.210201E+00 0.394298E+00
1996 0.218400E+00 0.177149E+00 0.209339E+00
1997 0.437400E+00 0.311234E+00 0.340304E+00
1998 0.713200E+00 0.270515E+00 0.969435E+00
1999 0.164300E+00 0.353213E+00 -0.765378E+00
2000 0.239400E+00 0.487927E+00 -0.712031E+00
2001 0.400700E+00 0.767345E+00 -0.649724E+00
2002 0.822200E+00 0.112450E+01 -0.313107E+00
2003 0.107550E+01 0.179162E+01 -0.510335E+00
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Survey Index: 8 Tag: Spr AGE = 7
Time = JAN-1 Type = NUMBER
Catchability = 0.508706E-04 Variance = 0.431545E+00

Residual = LN (Observed) - LN (Predicted)

Year Observed Predicted Residual
1982 0.608500E+00 0.218195E+00 0.102561E+01
1983 0.716200E+00 0.273446E+00 0.962856E+00
1984 0.309500E+00 0.237453E+00 0.264989E+00
1985 0.907500E+00 0.214493E+00 0.144242E+01
1986 0.411700E+00 0.205471E+00 0.694989E+00
1987 0.259200E+00 0.217053E+00 0.177457E+00
1988 0.379100E+00 0.289099E+00 0.271030E+00
1989 0.811000E-01 0.146812E+00 -0.593470E+00
1990 0.421000E-01 0.118623E+00 -0.103590E+01
1991 0.328000E-01 0.635607E-01 -0.661566E+00
1992 0.151800E+00 0.166929E+00 -0.950066E-01
1993 0.853000E-01 0.591906E-01 0.365411E+00
1994 0.268000E-01 0.838920E-01 -0.114113E+01
1995 0.116200E+00 0.719269E-01 0.479662E+00
1996 0.725000E-01 0.133630E+00 -0.611485E+00
1997 0.841000E-01 0.116435E+00 -0.325330E+00
1998 0.214300E+00 0.256033E+00 -0.177928E+00
1999 0.182300E+00 0.208889E+00 -0.136148E+00
2000 0.252800E+00 0.290841E+00 -0.140178E+00
2001 0.292800E+00 0.442219E+00 -0.412316E+00
2002 0.683000E+00 0.729464E+00 -0.658151E-01
2003 0.808600E+00 0.107864E+01 -0.288150E+00
Survey Index: 9 Tag: Spr AGE = 8

Time = JAN-1 Type = NUMBER

Catchability = 0.656138E-04 Variance = 0.797849E+00

Residual = LN (Observed) - LN (Predicted)

Year Observed Predicted Residual
1982 0.361900E+00 0.180588E+00 0.695149E+00
1983 0.632200E+00 0.201868E+00 0.114159E+01
1984 0.201700E+00 0.207317E+00 -0.274654E-01
1985 0.411900E+00 0.173675E+00 0.863593E+00
1986 0.171800E+00 0.145945E+00 0.163102E+00
1987 0.185300E+00 0.133445E+00 0.328286E+00
1988 0.238500E+00 0.145792E+00 0.492186E+00
1989 0.327400E+00 0.237172E+00 0.322398E+00
1990 0.870000E-02 0.116991E+00 -0.259878E+01
1991 0.100700E+00 0.115060E+00 -0.133311E+00
1992 0.449000E-01 0.562624E-01 -0.225589E+00
1993 N/A 0.141858E+00 N/A

1994 0.281000E-01 0.297449E-01 -0.568894E-01
1995 0.110200E+00 0.433175E-01 0.933740E+00
1996 N/A 0.287156E-01 N/A

1997 0.828000E-01 0.622769E-01 0.284838E+00
1998 0.153500E+00 0.677777E-01 0.817468E+00
1999 0.305000E-01 0.186736E+00 -0.181197E+01
2000 0.115800E+00 0.159195E+00 -0.318264E+00
2001 0.162700E+00 0.224235E+00 -0.320786E+00
2002 0.350600E+00 0.387771E+00 -0.100769E+00
2003 0.434500E+00 0.680430E+00 -0.448528E+00
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Survey Index: 10 Tag: Spr AGE = 9
Time = JAN-1 Type = NUMBER
Catchability = 0.788325E-04 Variance = 0.804441E+00

Residual = LN (Observed) - LN (Predicted)

Year Observed Predicted Residual
1982 0.932000E-01 0.165726E+00 -0.575587E+00
1983 0.475300E+00 0.138991E+00 0.122954E+01
1984 0.196100E+00 0.137677E+00 0.353717E+00
1985 0.147800E+00 0.105918E+00 0.333194E+00
1986 0.194100E+00 0.892031E-01 0.777457E+00
1987 0.940000E-02 0.903062E-01 -0.226250E+01
1988 0.137200E+00 0.748424E-01 0.606055E+00
1989 0.812000E-01 0.672720E-01 0.188171E+00
1990 0.503000E-01 0.181051E+00 -0.128078E+01
1991 0.828000E-01 0.867019E-01 -0.460472E-01
1992 0.148500E+00 0.101149E+00 0.383994E+00
1993 0.154000E-01 0.435042E-01 -0.103849E+01
1994 0.704000E-01 0.104090E+00 -0.391065E+00
1995 0.420000E-01 0.164975E-01 0.934460E+00
1996 N/A 0.253146E-01 N/A

1997 0.144000E-01 0.107023E-01 0.296772E+00
1998 0.756000E-01 0.215883E-01 0.125331E+01
1999 0.144000E-01 0.431154E-01 -0.109665E+01
2000 N/A 0.137423E+00 N/A

2001 0.112600E+00 0.897399E-01 0.226926E+00
2002 0.191500E+00 0.126036E+00 0.418322E+00
2003 0.225500E+00 0.307698E+00 -0.310800E+00
Survey Index: 11 Tag: Spr AGE = 10

Time = JAN-1 Type = NUMBER

Catchability = 0.836507E-04 Variance = 0.770897E+00

Residual = LN (Observed) - LN (Predicted)

Year Observed Predicted Residual
1982 0.259300E+00 0.921099E-01 0.103500E+01
1983 0.214100E+00 0.120473E+00 0.575016E+00
1984 0.114600E+00 0.701648E-01 0.490601E+00
1985 0.148700E+00 0.720958E-01 0.723935E+00
1986 0.791000E-01 0.501318E-01 0.456057E+00
1987 0.614000E-01 0.496685E-01 0.212039E+00
1988 0.862000E-01 0.454891E-01 0.639198E+00
1989 0.151000E-01 0.374561E-01 -0.908475E+00
1990 0.175000E-01 0.345202E-01 -0.679343E+00
1991 0.137700E+00 0.139523E+00 -0.131542E-01
1992 0.153000E-01 0.566329E-01 -0.130874E+01
1993 0.154000E-01 0.786150E-01 -0.163020E+01
1994 0.820000E-02 0.228844E-01 -0.102632E+01
1995 N/A 0.535575E-01 N/A

1996 N/A 0.757193E-02 N/A

1997 N/A 0.666199E-02 N/A

1998 N/A 0.330153E-02 N/A

1999 0.228000E-01 0.881578E-02 0.950218E+00
2000 0.354000E-01 0.199644E-01 0.572760E+00
2001 0.281000E-01 0.774422E-01 -0.101376E+01
2002 0.102700E+00 0.333145E-01 0.112582E+01
2003 0.542000E-01 0.662436E-01 -0.200658E+00
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Survey Index: 18 Tag: Spr AGE = 11 - 11
Time = JAN-1 Type = NUMBER

Catchability = 0.113695E-03 Variance = 0.315058E+00
Residual = LN (Observed) - LN (Predicted)

Year Observed Predicted Residual
1982 0.526400E+00 0.825415E+00 -0.449825E+00
1983 0.670900E+00 0.537523E+00 0.221648E+00
1984 0.578700E+00 0.436989E+00 0.280876E+00
1985 0.833300E+00 0.332638E+00 0.918338E+00
1986 0.403000E+00 0.231876E+00 0.552735E+00
1987 0.186200E+00 0.130897E+00 0.352413E+00
1988 0.112500E+00 0.138514E+00 -0.208022E+00
1989 0.185700E+00 0.143569E+00 0.257319E+00
1990 0.511000E-01 0.102310E+00 -0.694227E+00
1991 0.103500E+00 0.155893E+00 -0.409598E+00
1992 0.811000E-01 0.241825E+00 -0.109253E+01
1993 0.105500E+00 0.149822E+00 -0.350734E+00
1994 0.320000E-01 0.888716E-01 -0.102146E+01
1995 0.665000E-01 0.423526E-01 0.451172E+00
1996 0.320000E-01 0.204749E-01 0.446535E+00
1997 N/A 0.127458E-01 N/A

1998 0.284000E-01 0.203523E-01 0.333198E+00
1999 N/A 0.206274E-01 N/A

2000 N/A 0.609106E-01 N/A

2001 N/A 0.758869E-01 N/A

2002 0.803000E-01 0.745089E-01 0.748516E-01
2003 0.960000E-01 0.685140E-01 0.337310E+00
Survey Index: 21 Tag: Aut AGE = 3

Time = JAN-1 Type = NUMBER

Catchability = 0.834330E-05 Variance = 0.129941E+01
Residual = LN (Observed) - LN (Predicted)

Year Observed Predicted Residual
1982 0.300000E-01 0.128522E+00 -0.145490E+01
1983 N/A 0.147676E+00 N/A

1984 0.109000E-01 0.136329E+00 -0.252631E+01
1985 N/A 0.638295E-01 N/A

1986 0.860000E-02 0.451718E-01 -0.165871E+01
1987 N/A 0.250387E-01 N/A

1988 0.229000E-01 0.812628E-01 -0.126655E+01
1989 N/A 0.518444E-01 N/A

1990 0.182000E-01 0.556493E-01 -0.111765E+01
1991 0.136700E+00 0.736788E-01 0.618073E+00
1992 0.177400E+00 0.119663E+00 0.393729E+00
1993 0.109100E+00 0.806758E-01 0.301826E+00
1994 0.154200E+00 0.113553E+00 0.305981E+00
1995 0.287200E+00 0.105718E+00 0.999404E+00
1996 0.764400E+00 0.132478E+00 0.175268E+01
1997 0.260700E+00 0.168751E+00 0.434945E+00
1998 0.978800E+00 0.247453E+00 0.137510E+01
1999 0.519800E+00 0.357958E+00 0.373029E+00
2000 0.117810E+01 0.564429E+00 0.735843E+00
2001 0.718800E+00 0.489786E+00 0.383615E+00
2002 0.210400E+00 0.246983E+00 -0.160311E+00
2003 0.274600E+00 0.164862E+00 0.510209E+00
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Survey Index: 22 Tag: Aut AGE = 4
Time = JAN-1 Type = NUMBER
Catchability = 0.307342E-04 Variance = 0.859048E+00
Residual = LN (Observed) - LN (Predicted)
Year Observed Predicted Residual
1982 0.240000E+00 0.374173E+00 -0.444079E+00
1983 0.575000E-01 0.402065E+00 -0.194483E+01
1984 0.507300E+00 0.458620E+00 0.100880E+00
1985 0.932000E-01 0.428069E+00 -0.152454E+01
1986 0.588000E-01 0.198857E+00 -0.121844E+01
1987 N/A 0.142569E+00 N/A
1988 N/A 0.787524E-01 N/A
1989 0.724800E+00 0.240565E+00 0.110291E+01
1990 0.817000E-01 0.151654E+00 -0.618547E+00
1991 0.380200E+00 0.166652E+00 0.824792E+00
1992 0.661000E+00 0.221029E+00 0.109546E+01
1993 0.258500E+00 0.368026E+00 -0.353258E+00
1994 0.544200E+00 0.243913E+00 0.802507E+00
1995 0.531500E+00 0.358834E+00 0.392844E+00
1996 0.162390E+01 0.317288E+00 0.163277E+01
1997 0.785100E+00 0.416561E+00 0.633778E+00
1998 0.522300E+00 0.531187E+00 -0.168721E-01
1999 0.136260E+01 0.775141E+00 0.564105E+00
2000 0.151370E+01 0.113036E+01 0.292025E+00
2001 0.140820E+01 0.178663E+01 -0.238017E+00
2002 0.952400E+00 0.155092E+01 -0.487618E+00
2003 0.430900E+00 0.781916E+00 -0.595871E+00
Survey Index: 23 Tag: Aut AGE = 5
Time = JAN-1 Type = NUMBER
Catchability = 0.385675E-04 Variance = 0.159406E+01
Residual = LN (Observed) - LN (Predicted)
Year Observed Predicted Residual
1982 0.440000E+00 0.368823E+00 0.176459E+00
1983 0.131000E-01 0.366129E+00 -0.333037E+01
1984 0.159570E+01 0.386208E+00 0.141869E+01
1985 0.943400E+00 0.443002E+00 0.755916E+00
1986 0.757000E-01 0.420355E+00 -0.171432E+01
1987 0.510000E-01 0.201311E+00 -0.137303E+01
1988 0.109000E-01 0.147508E+00 -0.260512E+01
1989 0.546000E-01 0.800613E-01 -0.382759E+00
1990 0.300600E+00 0.244248E+00 0.207598E+00
1991 0.506800E+00 0.141172E+00 0.127813E+01
1992 0.329000E+00 0.165505E+00 0.687054E+00
1993 0.223500E+00 0.193960E+00 0.141761E+00
1994 0.777000E+00 0.333033E+00 0.847200E+00
1995 0.165200E+00 0.227698E+00 -0.320862E+00
1996 0.857600E+00 0.374336E+00 0.828983E+00
1997 0.198750E+01 0.323963E+00 0.181400E+01
1998 0.870900E+00 0.412121E+00 0.748211E+00
1999 0.465200E+00 0.553824E+00 -0.174379E+00
2000 0.104380E+01 0.818409E+00 0.243260E+00
2001 0.174610E+01 0.121063E+01 0.366244E+00
2002 0.315550E+01 0.191742E+01 0.498164E+00
2003 0.147540E+01 0.164834E+01 -0.110838E+00
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Survey Index: 24 Tag: Aut AGE = ©
Time = JAN-1 Type = NUMBER
Catchability = 0.410818E-04 Variance = 0.147441E+01
Residual = LN (Observed) - LN (Predicted)
Year Observed Predicted Residual
1982 0.610000E+00 0.321654E+00 0.639984E+00
1983 0.270000E-01 0.292242E+00 -0.238174E+01
1984 0.757500E+00 0.277903E+00 0.100275E+01
1985 0.991400E+00 0.278055E+00 0.127130E+01
1986 0.610200E+00 0.325719E+00 0.627751E+00
1987 0.266400E+00 0.327751E+00 -0.207255E+00
1988 0.229000E-01 0.166803E+00 -0.198568E+01
1989 0.115000E-01 0.125184E4+00 -0.238744E+01
1990 0.910000E-02 0.709203E-01 -0.205328E+01
1991 0.219100E+00 0.182033E+00 0.185343E+00
1992 0.289900E+00 0.966616E-01 0.109832E+01
1993 0.537000E-01 0.119121E+4+00 -0.796728E+00
1994 0.219300E+00 0.124040E+00 0.569839E+00
1995 0.395100E+00 0.200787E+00 0.676893E+00
1996 0.472100E+00 0.169215E+00 0.102602E+01
1997 0.138600E+01 0.297295E+00 0.153945E+01
1998 0.769600E+00 0.258400E+00 0.109136E+01
1999 0.303000E+00 0.337395E+00 -0.107522E+00
2000 0.599800E+00 0.466076E+00 0.252247E+00
2001 0.673800E+00 0.732981E+00 -0.841859E-01
2002 0.188570E+01 0.107414E+01 0.562782E+00
2003 0.997100E+00 0.171139E+01 -0.540208E+00
Survey Index: 25 Tag: Aut AGE = 7
Time = JAN-1 Type = NUMBER
Catchability = 0.461380E-04 Variance = 0.872772E+00
Residual = LN (Observed) - LN (Predicted)
Year Observed Predicted Residual
1982 0.460000E+00 0.197896E+00 0.843485E+00
1983 0.757000E-01 0.248007E+00 -0.118668E+01
1984 0.547900E+00 0.215362E+00 0.933772E+00
1985 0.604900E+00 0.194538E+00 0.113444E+01
1986 0.683900E+00 0.186356E+00 0.130015E+01
1987 0.353200E+00 0.196860E+00 0.584540E+00
1988 0.457000E-01 0.262204E+00 -0.174702E+01
1989 0.355000E-01 0.133154E+00 -0.132197E+01
1990 0.211000E-01 0.107587E+00 -0.162903E+01
1991 0.240000E-01 0.576475E-01 -0.876293E+00
1992 0.144900E+00 0.151400E+00 -0.438788E-01
1993 0.605000E-01 0.536840E-01 0.119528E+00
1994 0.578000E-01 0.760874E-01 -0.274893E+00
1995 0.370000E-01 0.652354E-01 -0.567085E+00
1996 0.229000E+00 0.121198E+00 0.636298E+00
1997 0.441200E+00 0.105603E+00 0.142981E+01
1998 0.383200E+00 0.232213E+00 0.500900E+00
1999 0.165100E+00 0.189455E+00 -0.137603E+00
2000 0.363500E+00 0.263784E+00 0.320650E+00
2001 0.588900E+00 0.401079E+00 0.384098E+00
2002 0.812900E+00 0.661601E+00 0.205946E+00
2003 0.532000E+00 0.978290E+00 -0.609163E+00
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Survey Index: 26 Tag: Aut AGE = 8

Time = JAN-1 Type = NUMBER

Catchability = 0.772831E-04 Variance = 0.783392E+00
Residual = LN (Observed) - LN (Predicted)

Year Observed Predicted Residual
1982 0.270000E+00 0.212705E+00 0.238515E+00
1983 0.240900E+00 0.237770E+00 0.130787E-01
1984 0.444400E+00 0.244187E+00 0.598789E+00
1985 0.534700E+00 0.204563E+00 0.960829E+00
1986 0.482200E+00 0.171901E+00 0.103144E+01
1987 0.308500E+00 0.157178E+00 0.674343E+00
1988 0.192100E+00 0.171721E+00 0.112144E+00
1989 0.214800E+00 0.279352E+00 -0.262766E+00
1990 0.166000E-01 0.137798E+00 -0.211639E+01
1991 0.229000E-01 0.135524E+00 -0.177801E+01
1992 0.673000E-01 0.662686E-01 0.154447E-01
1993 N/A 0.167087E+00 N/A

1994 0.216000E-01 0.350350E-01 -0.483654E+00
1995 0.106100E+00 0.510214E-01 0.732136E+00
1996 N/A 0.338226E-01 N/A

1997 0.655000E-01 0.733527E-01 -0.113229E+00
1998 0.329400E+00 0.798318E-01 0.141735E+01
1999 0.110300E+00 0.219947E+00 -0.690183E+00
2000 0.275400E+00 0.187507E+00 0.384407E+00
2001 0.229300E+00 0.264115E+00 -0.141352E+00
2002 0.611800E+00 0.456735E+00 0.292302E+00
2003 0.330700E+00 0.801442E+00 -0.885202E+00
Survey Index: 27 Tag: Aut AGE = 9

Time = JAN-1 Type = NUMBER

Catchability = 0.796591E-04 Variance = 0.653415E+00
Residual = LN (Observed) - LN (Predicted)

Year Observed Predicted Residual
1982 0.260000E+00 0.167464E+00 0.439916E+00
1983 0.132300E+00 0.140448E+00 -0.597687E-01
1984 0.837000E-01 0.139120E+00 -0.508099E+00
1985 0.309600E+00 0.107029E+00 0.106218E+01
1986 0.269700E+00 0.901385E-01 0.109596E+01
1987 0.159700E+00 0.912531E-01 0.559660E+00
1988 0.714000E-01 0.756272E-01 -0.575180E-01
1989 0.484000E-01 0.679774E-01 -0.339676E+00
1990 0.837000E-01 0.182950E+00 -0.781973E+00
1991 0.229000E-01 0.876110E-01 -0.134177E+01
1992 0.591000E-01 0.102209E+00 -0.547791E+00
1993 N/A 0.439604E-01 N/A

1994 0.813000E-01 0.105182E+00 -0.257544E+00
1995 N/A 0.166705E-01 N/A

1996 N/A 0.255801E-01 N/A

1997 0.648000E-01 0.108145E-01 0.179042E+01
1998 N/A 0.218146E-01 N/A

1999 0.425000E-01 0.435674E-01 -0.248060E-01
2000 0.499000E-01 0.138864E+00 -0.102348E+01
2001 0.151600E+00 0.906809E-01 0.513899E+00
2002 0.158700E+00 0.127357E+00 0.220019E+00
2003 0.148400E+00 0.310925E+00 -0.739639E+00
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Survey Index: 28 Tag: Aut AGE = 10
Time = JAN-1 Type = NUMBER
Catchability = 0.913192E-04 Variance = 0.955223E+00
Residual = LN (Observed) - LN (Predicted)
Year Observed Predicted Residual
1982 0.180000E+00 0.100554E+00 0.582264E+00
1983 0.145000E-01 0.131517E+00 -0.220499E+01
1984 0.137200E+00 0.765969E-01 0.582883E+00
1985 0.148800E+00 0.787050E-01 0.636897E+00
1986 0.102600E+00 0.547275E-01 0.628471E+00
1987 0.111800E+00 0.542217E-01 0.723631E+00
1988 N/A 0.496592E-01 N/A
1989 0.462000E-01 0.408898E-01 0.122099E+00
1990 0.783000E-01 0.376847E-01 0.731294E+00
1991 0.250000E-01 0.152314E+00 -0.180707E+01
1992 0.296000E-01 0.618245E-01 -0.736525E+00
1993 0.189000E-01 0.858218E-01 -0.151311E+01
1994 N/A 0.249822E-01 N/A
1995 0.425000E-01 0.584672E-01 -0.318961E+00
1996 0.107000E-01 0.826607E-02 0.258085E+00
1997 0.373000E-01 0.727271E-02 0.163486E+01
1998 N/A 0.360419E-02 N/A
1999 0.123000E-01 0.962394E-02 0.245346E+00
2000 0.370000E-01 0.217946E-01 0.529256E+00
2001 0.494000E-01 0.845414E-01 -0.537291E+00
2002 0.576000E-01 0.363686E-01 0.459818E+00
2003 0.711000E-01 0.723163E-01 -0.169624E-01
Survey Index: 35 Tag: Aut AGE = 11 - 11
Time = JAN-1 Type = NUMBER
Catchability = 0.111457E-03 Variance = 0.567455E+00
Residual = LN (Observed) - LN (Predicted)
Year Observed Predicted Residual
1982 0.103000E+01 0.809166E+00 0.241311E+00
1983 0.409400E+00 0.526941E+00 -0.252396E+00
1984 0.625800E+00 0.428386E+00 0.379005E+00
1985 0.746700E+00 0.326090E+00 0.828490E+00
1986 0.471800E+00 0.227311E+00 0.730237E+00
1987 0.330500E+00 0.128320E+00 0.946081E+00
1988 0.116300E+00 0.135788E+00 -0.154919E+00
1989 0.233300E+00 0.140742E+00 0.505394E+00
1990 0.865000E-01 0.100296E+00 -0.147984E+00
1991 0.980000E-01 0.152824E+00 -0.444320E+00
1992 0.799000E-01 0.237065E+00 -0.108756E+01
1993 0.896000E-01 0.146872E+00 -0.494207E+00
1994 0.867000E-01 0.871221E-01 -0.485638E-02
1995 0.566000E-01 0.415188E-01 0.309862E+00
1996 0.635000E-01 0.200718E-01 0.115172E+01
1997 0.330000E-01 0.124948E-01 0.971192E+00
1998 0.195000E-01 0.199516E-01 -0.228942E-01
1999 N/A 0.202214E-01 N/A
2000 0.940000E-02 0.597115E-01 -0.184882E+01
2001 0.260000E-01 0.743929E-01 -0.105126E+01
2002 0.556000E-01 0.730420E-01 -0.272852E+00
2003 0.507000E-01 0.671652E-01 -0.281229E+00
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Bootstrap Summary Report

Number of Bootstrap Repetitions Requested = 1000
Number of Bootstrap Repetitions Completed 1000
Bootstrap Output Variable: Stock Estimates (2003)

NLLS Bootstrap Bootstrap C.V. For
Estimate Mean Std Error NLLS Soln.
N 3 19760. 27028. 22590. 0.8358
N 4 25441. 29186. 14151. 0.4849
N 5 42739. 46607. 18703. 0.4013
N © 41658. 44306. 15511. 0.3501
N 7 21204. 22124. 7147. 0.3231
N 8 10370. 10947. 3528. 0.3222
N 9 3903. 4039. 1305. 0.3231
N 10 792. 863. 358. 0.4152
NLLS
Estimate C.V. For
Bias Bias Per Cent Corrected Corrected
Estimate Std. Error Bias For Bias Estimate
N 3 7268. 750. 36.7840 12491. 1.8085
N 4 3745. 463. 14.7198 21696. 0.6522
N 5 3868. 604. 9.0507 38871. 0.4812
N 6 2648. 498. 6.3573 39010. 0.3976
N 7 920. 228. 4.3405 20283. 0.3524
N 8 577. 113. 5.5662 9793. 0.3602
N 9 136. 41, 3.4768 3767. 0.34064
N 10 71. 12. 8.9993 721. 0.4973
LOWER UPPER
80. % CI 80. % CI
N 3 7136. 54576.
N 4 13256. 47904.
N 5 25267. 71594.
N 6 26357. 65268.
N 7 13625. 31371.
N 8 6754 . 15709.
N 9 2506. 5701.
N 10 448 . 1352.
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Bootstrap Output Variable:
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NLLS
Estimate

.134450E-04
.323264E-04
.429554E-04
.430079E-04
.508706E-04
.656138E-04
.788325E-04
.836507E-04
.113695E-03
.834330E-05
.307342E-04
.385675E-04
.410818E-04
.461380E-04
.772831E-04
.796591E-04
.913192E-04

Catchability Estimates

cloloNoNoNoNoNoloNoNoloNoNoNoNoNoNe]

Bias
Estimate

.5324E-06
.1610E-06
.3068E-06
.6520E-06
.5831E-06
.1048E-05
.9368E-06
.1603E-05
.1881E-05
.2905E-06
.3740E-06
.1517E-05
.1151E-05
.7318E-06
.3882E-06
.1082E-05
.1742E-05
.1855E-05

.111457E-03

clooNolNoNoNololoNoNoloNoNoRoNoNoNe]

Bootstrap Bootstrap
Mean Std Error
0.139774E-04 0.357412E-05
0.324874E-04 0.499383E-05
0.432622E-04 0.531046E-05
0.436599E-04 0.596464E-05
0.514536E-04 0.691624E-05
0.666622E-04 0.132064E-04
0.797692E-04 0.159116E-04
0.852533E-04 0.174415E-04
0.115577E-03 0.152687E-04
0.863377E-05 0.236581E-05
0.311082E-04 0.644467E-05
0.400842E-04 0.104468E-04
0.422332E-04 0.104730E-04
0.468698E-04 0.937549E-05
0.776712E-04 0.151170E-04
0.807409E-04 0.146354E-04
0.930613E-04 0.208653E-04
0.113312E-03 0.181145E-04
NLLS
Estimate
Bias Per Cent Corrected
Std. Error Bias For Bias
.1143E-06 3.9602 0.1291E-04
.1580E-06 0.4979 0.3217E-04
.1682E-06 0.7142 0.4265E-04
.1897E-06 1.5160 0.4236E-04
.2195E-06 1.1461 0.5029E-04
.4189E-06 1.5978 0.6457E-04
.5040E-06 1.1883 0.7790E-04
.5539E-06 1.9158 0.8205E-04
.4865E-06 1.6548 0.1118E-03
.7538E-07 3.4815 0.8053E-05
.2041E-06 1.2168 0.3036E-04
.3338E-06 3.9327 0.3705E-04
.3332E-06 2.8027 0.3993E-04
.2974E-06 1.5862 0.4541E-04
.4782E-06 0.5023 0.7689E-04
.4641E-06 1.3581 0.7858E-04
.6621E-06 1.9078 0.8958E-04
.5758E-06 1.0642 0.1096E-03

VPA Run 301-f Appendix Page 28

For
NLLS Soln.
.2557
.1537
.1228
.1366
.1344
.1981
.1995
.20406
.1321
.2740
.2072
.2606
.2480
.2000
.1946
.1813
.2242
.1599

cloloNoNoNoNoNololoNoloNoNoloNeoNoNo]

C.V. For
Corrected
Estimate

.2768
.1553
.1245
.1408
.1375
.2045
.2043
L2126
.1366
.2938
.2123
.2820
.2623
.2065
.1966
.1863
.2329
.1653

clooNololNoNololoNoNoloNoNoRolNoNoNe]
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Bootstrap Output Variable:

AGE
AGE
AGE
AGE
AGE
AGE
AGE
AGE
AGE

H O W -Jo Ul Ww

=

AGE
AGE
AGE
AGE
AGE
AGE
AGE
AGE
AGE

H O WO Jo Ul Ww

=

AGE
AGE
AGE
AGE
AGE
AGE
AGE 9
AGE 10
AGE 11

O J o U W

cloNoNoloNoNololoNolNoloNoNoloNoNoNe]

LOWER
80. % CI

.972636E-05
.261931E-04
.364525E-04
.361255E-04
.430078E-04
.506999E-04
.594134E-04
.644053E-04
.968436E-04
.587186E-05
.234795E-04
.278363E-04
.295456E-04
.355904E-04
.582349E-04
.627337E-04
.665440E-04
.911700E-04

NLLS
Estimate

.0015
.0161
.0268
.0595
L1741
.2648
.5526
.4087
.4087

cloNoNoNolNoNoNoNe]

Bias
Estimate

.000153
.001341
.001577
.003316
.007176
.014858
.022717
.018787
.018787

cloNoNoNolNoNoNoNe]

LOWER
s CI
.000793
.009644
.017206
.040591
.118230
.188377
.358831
.311489
.311489

[cloNoNoNolNoNoNoloNe)

oloNoNoloNoNololoNololoNoNoloNoNoNe]

UPPER

80. % CI
.189646E-04
.392517E-04
.502755E-04
.513419E-04
.606003E-04
.842534E-04
.998205E-04
.107803E-03
.134914E-03
.118302E-04
.397340E-04
.546203E-04
.568077E-04
.591617E-04
.965514E-04
.997029E-04
.120632E-03
.136921E-03

Fishing Mortality

Bootstrap
Mean
0.0016
0.0175
0.0284
0.0629
0.1813
0.2797
0.5753
0.4275
0.4275
Bias Per Cent
Std. Error Bias
0.000028 10.2505
0.000250 8.3254
0.000331 5.8754
0.000640 5.5688
0.001844 4.1220
0.002815 5.6101
0.006150 4.1112
0.003251 4.5969
0.003251 4.5969
UPPER
80. % CI
0.002856
0.027095
0.042028
0.090833
0.255170
0.386366
0.831260
0.560158
0.560158

(2002)

Bootstrap
Std Error

cloNoNoloNoNoNoNe]

.000877
.007794
.010337
.019980
.057853
.087777
.193135
.101083
.101083

NLLS
Estimate
Corrected
For Bias

.0013
.0148
.0253
.0562
.1669
.2500
.5298
.3899
.3899

oloNoNoNolNoNoNoNe]
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C.V. For

NLLS Soln.

cloNoNoloNoNoNoNe]

.5331
.4466
.3638
.3179
.3192
.3138
.3357
.2365
.2365

C.V. For
Corrected
Estimate

ololoNoNolNoNoNoNe]

.6548
.5277
.4092
.3554
.3466
.3511
.3645
.2592
.2592



Bootstrap Output Variable: Average F

AVG F
N WTD
B WTD
C WTD

AVG F
N WTD
B WTD
C WTD

AVG F
N WTD
B WTD
C WTD

NLLS
Estimate

.4087
.3261
.3344
.3601

OO O o

Bias
Estimate

.018787
.006831
.006045
.017461

[eNoNoNe)

LOWER
0. 3 CI
.311489
.243401
.251145
.286044

O O OO

Bootstrap Output Variable: Biomass

JAN-1 Biomass

JAN-1
MEAN
SSB

JAN-1
MEAN
SSB

JAN-1
MEAN
SSB

NLLS
Estimate

56452.
45192.
1829¢6.

Bias
Estimate

4602.
2986.
884.

LOWER
80. % CI
46785.
37705.
15603.

(2003) Mean Biomass

(2002) AGES 8 -
Bootstrap Bootstrap
Mean Std Error
0.4275 0.101083
0.3329 0.075870
0.3405 0.075636
0.3776 0.081381
NLLS
Estimate
Bias Per Cent Corrected
Std. Error Bias For Bias
0.003251 4.5969 0.3899
0.002409 2.0948 0.3193
0.002399 1.8075 0.3284
0.002632 4.8483 0.3427
UPPER
80. % CI
0.560158
0.425261
0.433677
0.485475
& SSB (2002)
Bootstrap Bootstrap
Mean Std Error
61054. 11000.
48178. 8243.
19179. 2851.
NLLS
Estimate
Bias Per Cent Corrected
Std. Error Bias For Bias
377. 8.1521 51850.
277. 6.6075 42206.
94. 4.8315 17412.
UPPER
80. % CI
75591.
58929.
22969.
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C.V. For
NLLS Soln.

.2365
L2279
L2221
.2155

O O oo

C.V. For
Corrected
Estimate

.2592
.2376
.2303
.2375

O O O o

C.V. For
NLLS Soln.

0.1802
0.1711
0.1486

C.V. For
Corrected
Estimate

0.2121
0.1953
0.1637



Plus Group Diagnostic Report

Calculation Method Selected = Backward

Population Population F

Year Backward Forward Forward
1982 7260. 7260. 0.265727
1983 4728. 5517. 0.393693
1984 3844, 3973. 0.620564
1985 2926. 2215. 1.056192
1986 2039. 1037. 1.484863
1987 1151. 513. 4.265155
1988 1218. 694. 2.328713
1989 1263. 404 . 2.328713
1990 900. 274. 1.1640614
1991 1372. 354, 1.475319
1992 2128. 1216. 0.403839
1993 1318. 1171. 0.441947
1994 782. 1200. 0.342158
1995 373. 865. 0.216568
1996 180. 903. 0.145252
1997 113. 698. 0.114260
1998 181. 560. 0.145078
1999 192. 437. 0.143771
2000 549, 392. 0.862729
2001 768. 356. 2.328713
2002 738. 527. 0.539015
2003 660. 479. N/A

cNoloNoNoh N NeoloNoNoNololoNoloNoNoNoNeNe)

F
Backward

.265728
.477042
.649539
.685293
.507203
.605723
.740857
.350167
.237924
.225446
.211096
.381925
.585644
.596709
.105538
.076386
.536699
.362347
.535635
.557471
.353809
N/A

Warning **** Infeasible Mass Balance in Plus Group

Year = 1991
Year = 2000
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QO OOMNWOU-INRFRPROOODODODODOOO R

Ratio

.000002
.211710
.046692
.648833
.341583
.142017
.318140
.150369
.204294
.152811
.522722
.864187
.711616
.755296
.611176
.420518
.699394
.520317
.620861
.239390
.656399



Procedures for Issuing Manuscripts
in the
Northeast Fisheries Science Center Reference Document (CRD) Series

Clearance: All manuscripts submitted for issuance as
CRDs must have cleared the NEFSC 's manuscript/abstract/
webpage review process. If any author is not a federal
employee, he/she will be required to sign an “NEFSC
Release-of-Copyright Form.” If your manuscript includes
material lifted from another work which has been copy-
righted, then you will need to work with the NEFSC’s
Editorial Office to arrange for permission to use that mate-
rial by securing release signatures on the “NEFSC Use-of-
Copyrighted-Work Permission Form.”

Organization: Manuscripts must have an abstract and table
of contents, and —ifapplicable —lists of figures and tables.
As much as possible, use traditional scientific manuscript
organization for sections: “Introduction,” “Study Area”/
“Experimental Apparatus,” “Methods,” “Results,” “Dis-
cussion” and/or “Conclusions,” “Acknowledgments,” and
“Literature/References Cited.”

Style: The CRD series is obligated to conform with the style
contained in the current edition of the United States Govern-
ment Printing Olffice Style Manual. That style manual is
silent on many aspects of scientific manuscripts. The CRD
series relies more on the CBE Style Manual. Manuscripts
should be prepared to conform with these style manuals.

The CRD series uses the American Fisheries Society’s
guides to names of fishes, mollusks, and decapod crusta-
ceans, the Society for Marine Mammalogy’s guide to names
of marine mammals, the Biosciences Information Service’s
guide to serial title abbreviations, and the International
Standardization Organization’s guide to statistical terms.

For in-text citation, use the name-date system. A
special effort should be made to ensure that all necessary
bibliographic information is included in the list of cited
works. Personal communications must include date, full
name, and full mailing address of the contact.

Preparation: Type a clean/neat, single-spaced version of
the document. The document must be paginated continu-
ously from beginning to end and must have a “Table of
Contents.” Begin the preliminary pages of the document —
always the “Table of Contents” — with page “iii.” Begin the
body of the document — normally the “Introduction” —
with page “1,” and continuously paginate all pages including
tables, figures, appendices, and indices. You can insert
blank pages as appropriate throughout the document, but
account for them in your pagination (e.g., if your last figure
ends on an odd-numbered/right-hand page such as “75,” and
if your next page is the first page of an appendix, then you
would normally insert a blank page after the last figure, and
paginate the first page of the appendix as “77” to make it
begin on an odd-numbered/right-hand page also). Forward
the final version to the Editorial Office as both a paper copy
and electronically (i.e., e-mail attachment, 3.5-inch floppy
disk, high-density zip disk, or CD). For purposes of publish-
ing the CRD series only, the use of Microsoft Word is
preferable to the use of Corel WordPerfect.

Production and Distribution: The Editorial Office will
develop the inside and outside front covers, the inside and
outside back covers, and the title and bibliographic control
pages (pages “i” and “ii”’) of the document, then combine
those covers and preliminary pages with the text that you
have supplied. The document will then be issued online.

Paper copies of the four covers and two preliminary
pages will be sent to the sole/senior NEFSC author should
he/she wish to prepare some paper copies of the overall
document as well. The Editorial Office will only produce
four paper copies (i.e., three copies for the NEFSC’s librar-
ies and one copy for its own archives) of the overall docu-
ment.

A number of organizations and individuals in the North-
east Region will be notified by e-mail of the availability of
the online version of the document. The sole/senior NEFSC
author of the document will receive a list of those so notified.




Research Communications Unit
Northeast Fisheries Science Center
National Marine Fisheries Service, NOAA
166 Water St.

Woods Hole, MA 02543-1026

MEDIA
MAIL

Publications and Reports
of the
Northeast Fisheries Science Center

The mission of NOAA's National Marine Fisheries Service (NMFS) is "stewardship of living marine resources for the benefit of the nation
through their science-based conservation and management and promotion of the health of their environment." As the research arm of the
NMFS's Northeast Region, the Northeast Fisheries Science Center (NEFSC) supports the NMFS mission by "planning, developing, and
managing multidisciplinary programs of basic and applied research to: 1) better understand the living marine resources (including marine
mammals) of the Northwest Atlantic, and the environmental quality essential for their existence and continued productivity; and 2) describe
and provide to management, industry, and the public, options for the utilization and conservation of living marine resources and
maintenance of environmental quality which are consistent with national and regional goals and needs, and with international
commitments." Results of NEFSC research are largely reported in primary scientific media (e.g., anonymously-peer-reviewed scientific
journals). However, to assist itself in providing data, information, and advice to its constituents, the NEFSC occasionally releases its results
in its own media. Those media are in four categories:

NOAA Technical Memorandum NMFS-NE -- This series is issued irregularly. The series typically includes: data reports of long-term field or lab
studies of important species or habitats; synthesis reports for important species or habitats; annual reports of overall assessment or monitoring
programs; manuals describing program-wide surveying or experimental techniques; literature surveys of important species or habitat topics;
proceedings and collected papers of scientific meetings; and indexed and/or annotated bibliographies. All issues receive internal scientific review
and most issues receive technical and copy editing.

Northeast Fisheries Science Center Reference Document -- This series is issued irregularly. The series typically includes: data reports on field
and lab studies; progress reports on experiments, monitoring, and assessments; background papers for, collected abstracts of, and/or summary reports
of scientific meetings; and simple bibliographies. Issues receive internal scientific review, but no technical or copy editing.

Resource Survey Report (formerly Fishermen's Report) -- This information report is a quick-turnaround report on the distribution and relative
abundance of selected living marine resources as derived from each of the NEFSC's periodic research vessel surveys of the Northeast's continental
shelf. There is no scientific review, nor any technical or copy editing, of this report.

The Shark Tagger -- This newsletter is an annual summary of tagging and recapture data on large pelagic sharks as derived from the NMFS's
Cooperative Shark Tagging Program; it also presents information on the biology (movement, growth, reproduction, etc.) of these sharks as
subsequently derived from the tagging and recapture data. There is internal scientific review, but no technical or copy editing, of this newsletter.

OBTAINING A COPY: To obtain a copy of a NOAA Technical Memorandum NMFS-NE or a Northeast Fisheries Science Center
Reference Document, or to subscribe to the Resource Survey Report or the The Shark Tagger, either contact the NEFSC Editorial
Office (166 Water St., Woods Hole, MA 02543-1026; 508-495-2228) or consult the NEFSC webpage on "Reports and Publications"
(http://www.nefsc.noaa.gov/nefsc/publications/).

ANY USE OF TRADE OR BRAND NAMES IN ANY NEFSC PUBLICATION OR REPORT DOES NOT IMPLY
ENDORSEMENT.






